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STUDIES ON THE STEROIDAL COMPONENTS OF 
DOMESTIC PLANTS—XXI 


STRUCTURE OF KOGAGENIN (PART 
ANHY DROKOGAGENIN 


3) ON 


THI 


TOKUO KUBOTA and KEN’ICHI TAKEDA 
Research | aboratory, Shionogi & Co. Ltd. Osaka, Japan 


(Received 26 January 1960) 


Abstract—In an earlier paper* of this series, we assigned the position of the double bond in anhydro- 
kogagenin, a dehydration product of kogagenin, at C-5 and 6 tentat vely. This has now been confirmed 
to be located at C-4 and § from the results of the epoxide formation, manganese dioxide oxidation 
and the glycol fission reaction. It has been found that the reaction of anhydrokogagenin with acetone 


containing a small amount of p-toluenesulphonic acid gives an allylic rearrangement product together 


with the normal acetonide 


KOGAGENIN is a tetrahydroxysapogenin isolated from the epigeous part of Dioscorea 


Tokoro, Makino and its structure was established as 25p-spirostane-1/,2/,3%,5p- 


tetrol (la).'* 
During the course of investigation of this Structure anhydrokogagenin triacetate 


(IIb), m.p. 171-173", which was obtained by dehydration of kogagenin triacetate 


with thionyl chloride in pyridine, played an important role in the structural elucidation 


of kogagenin. 
In the earlier paper,? the double bond in anhydrokogagenin triacetate (IIb) was 


assigned tentatively to the C-5 position merely from the fact that anhydrokogagenin 


(Ila) gave a negative Rosenheim test. Little attention was paid as to whether its 
double bond was located at C-4 or at C-5, because this was unnecessary for the 


elucidation of the structure of kogagenin 
The results of epoxidation of IIb, as described below, showed the possibility of 


the double bond being at C-4 and prompted investigation to clarify the position of 


this double bond in anhydrokogagenin (Ila). 
Treatment of anhydrokogagenin triacetate (IIb) with perbenzoic acid afforded an 


epoxide, m.p. 151-153", which was reduced with lithium aluminium hydride and 
yielded kogagenin, having the 5/-hydroxyl group as established in the preceding 


paper,’ as a sole product 
From these findings it was assumed that the parent triacetate-epoxide must be the 


B-epoxide. Moreover, in view of the fact that the reduction of steroidal 5/,6)- 


epoxides with lithium aluminium hydride affords a quantity of 5 }-alcohols in addition 
to 6f-alcohols? while 4/,5-epoxides give only 5/-alcohols,* the above results suggested 


that the double bond in anhydrokogagenin triacetate (IIb) may be located at C-4. 


1 Part XX: T. Kubota, Chem. Pharm. Bull. 7, 898 (1959) 
2K. Takeda. T. Kubota and A. Shimaoka, Tetrahedron 7, 62 (1959) 
3 Pl. A. Plattner, H. Heusser and M. Feurer, Helv. Chim. Acta 32, 587 (1949) 4. S. Hallsworth and 


H. B. Henbest, J. Chem. Soc. 4604 (1957) 
4 Pl. A. Plattner, H. Heusser and A. B. Kulkarni, Helv. Chim. Acta 31, 1885 (1948): C. W. Shoppee, 


M. E. H. Howden, R. W. Killick and G. H. R. Summers, J. Chem. Soc. 630 (1959) 
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On the other hand, Henbest and Wilson® reported that the epoxide formation of 
On the 


cyclic allylic alcohols occurs from the same side of this hydroxyl group. 
basis of this fact, perbenzoic acid oxidation of free anhydrokogagenin (Ila) was 


carried out in order to obtain the anticipated «-epoxide, contrary to the case of IIb. 
Although there was obtained a single epoxide melting at 274-276", this product was 
identical in all respects with the /-epoxide (IIa) which was obtained on saponification 
of the triacetate-f-epoxide (IIIb) prepared from IIb. Therefore, epoxidation of 


anhydrokogagenin (Ila) gave no support to the possibility of this compound possessing 


the allylic hydroxyl function. 


Ila R=H 


CHART 


In order to determine the presence of an allylic hydroxyl group in Ila, this was 


subjected to manganese dioxide oxidation. When progress of the oxidation was 
by ultra-violet spectra, in the early stage (30 min) of this experiment, it 


checked 
7000 at 244 mu indicating the formation of the expected 


showed a maximum of 
\*.3-ketone system. The intensity of this absorption did not increase with the lapse 
of oxidizing time and a new absorption at 282 my of low intensity appeared. After 
the oxidation was allowed proceed for a longer time (6 hr), the absorption at 


244 my disappeared and that at 282 mu rose to e 5600 
A‘-3-one derivative must be further 


This observation suggested 


that the primary product considered to be a 


attacked by manganese dioxide 
When manganese dioxide oxidation of anhydrokogagenin (Ila) was stopped after 


45 min pape expected to be the \*-3-ketone (IV), m.p. 202-204", showing 


Awa 244 my (log ¢ 4:10) could be isolated with purification by chromatography on 
silica gel. This product was identical with the dihydroxy- \'-3-ketone (1V) which 
was obtained from the previously reported compound (V1)? by acid hydrolysis. 

Since it has now been proved that the primary oxidation product is the dihydroxy- 


A*-3-ketone (IV), the further oxidation product showing absorption at 282 my was 


studied. Rosenkranz ef al.® reported that, when A*-3-ketones or A®-3/-ols were 


treated with manganese dioxide for a long time, each compound afforded At, ®.diene- 


3-ones having the maximum at 284my. The oxidation product of Ila showed 
* H. B. Henbest and R. A. L. Wilson, J. Chem. Soc. 1958 (1957) 


* F. Sondheimer, C. Amendolla and G. Rosenkranz, J. Amer. Chem. Soc. 75, 5932 (1953). 
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constants differing from those of the expected A‘,®.diene-3-one compound, as described 


below. The analytical values agreed with an empirical formula CygH 3,0, and suggest 
the loss of CH,O from the primary product (IV). Its ultra-violet spectrum showed 
absorption maxima at 230 and 282 mu (log ¢ 3-60 and 3-75, respectively) and the 
infra-red spectrum exhibited strong bands at 5-69, 5-80 and 6:22 « but no hydroxyl 
band. From the basis of these data, the structure of this compound was presumed 
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to be the five-membered ene-dione (VII). This was supported by the following 
chemical behaviour: (a) acetylation with refluxing acetic anhydride—pyridine gave an 
enol acetate (VIII) showing the ultra-violet absorption at 299 my (log e 3-97); (b) 
reaction with o-phenylenediamine afforded a quinoxaline derivative (IX), C,.H yO Ng; 
(c) reduction with zinc and acetic acid gave an unsaturated ketol (X) which showed 
ultra-violet absorption maximum at 237 my (log ¢ 4:16), the infra-red bands at 
2-86 uw (hydroxyl) and at 5-85 and 6-17 yw (five-membered unsaturated ketone), and a 


positive triphenyltetrazolium test. The formation of the five-membered ring in VII 


perhaps resulted from hydration of a triketone, which would be probably produced 
by oxidation of the ketol function in the dihydroxy-A*-3-ketone (IV) with manganese 
dioxide, followed by the benzilic acid rearrangement as shown in Chart 2. However 
such compounds were hitherto unknown and the elucidation of the above-mentioned 
ultra-violet absorption remained doubtful. 

From the above results it became certain that Ila possesses the double bond at 
C-4. In order to obtain more convincible evidence for the structure Ila of anhydro- 
kogagenin, cleavage reaction of the double bond was carried out. Anhydrokogagenin 
triacetate (IIb) was cis-hydroxylated to a pentol triacetate (X1) with osmium tetroxide 
as described previously.*, The newly introduced glycol function in XI has been 
assigned the /-configuration by analogy to the results on the above-mentioned 
epoxide formation and catalytic reduction.* When the pentol triacetate (XI) was 
treated with lead tetracetate, one equivalent of the reagent was consumed to yield 
the 4,5-secoaldehyde-ketone (XIII), m.p. 187-190 By oxidation with chromium 
trioxide, this aldehyde-ketone (XIII) led to an amorphous triacetoxy-keto-acid (XVb). 
When XVb was treated with a | per cent methanolic potassium hydroxide solution, 
besides an amorphous product assumed to be a trihydroxy-keto-acid (XVa), a small 
amount of a neutral product, m.p. 156-158", having an empirical formula C,,H,,O, 
was Obtained. The infra-red spectrum of this neutral product showed, except for an 
absorption at 5-84 4 corresponding to a six-membered ketone, neither another 
carbonyl band nor a hydroxyl band. Also, treatment of this compound with hydroxyl- 
amine gave an oxime, C,,H,,O,N, m.p. 217°. Based on the above results the structure 
of this ketone has been assigned to be a des-A-5-ketone (XVI) which may be produced 
via retro-aldol reaction® of the trihydroxy-4,5-secoketo-acid (X Va) derived from the 
A*-compound. When the triacetoxy-keto-acid (XVb) was treated with alkali under 
more vigorous conditions, it gave the same XVI in good yield, as would be expected. 
rhe methyl group at C-10 in XVI has been assigned to the more stable «-configuration 
(i.e. equatorial) by the analogous example.” 

Furthermore, the pentol (XII) prepared from saponification of XI underwent 
glycol fission with lead tetracetate and yielded the expected trisnor-1,5-secoaldehyde- 
ketone (XIV), C,,H,,0,, m.p. 222-225" (decomp). Since it is well-known that such 
formyl ketones are sensitive to alkali or acid,’ by treatment with alcoholic potassium 
hydroxide solution, XIV was easily converted to the above-mentioned des-A-5- 
ketone (XVI). 

These results have now confirmed that the double bond in anhydrokogagenin is 


* This compound was amorphous in the previous experiment.” 

®* C. Djerassi and H. G. Monsimmer, J. Amer. Chem. Soc. 79, 2901 (1957). 

* J. Castells, E. R. E. Jones, G. D. Meakins and R. W. J. Williams, J. Chem. Soc. 1159 (1959). 
1° A. L. Wilds and C. Djerassi, J. Amer. Chem. Soc. 68, 1715 (1946) 
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located at C-4. Therefore, the formulae described in the previous paper for anhydro- 
kogagenin and its derivatives should now be corrected to A*-25p-spirostene-1/,2/,3a- 
triol (Ila) and its derivatives. Assuming that ionic elimination readily occurs between 
trans-diaxial function, it seems to be reasonable that dehydration of kogagenin 
triacetate (Ib) with thionyl chloride—pyridine furnished exclusively the A*-compound 
(IIb), because the 5/-hydroxyl group is axial to ring A but equatorial to ring B. 


AcO AcO HO 


CHART 3 


At present, with the constitution of anhydrokogagenin having been established, 
it is more difficult to understand why the so-called anhydrokogagenin acetonide, 
which was obtained on treatment of Ila with acetone and p-toluenesulphonic acid, 
was unaffected with chromium trioxide—pyridine, chromium trioxide—acetone- 


sulphuric acid or by the Oppenauer oxidation, as described earlier.” Thus, in order 


to clarify this question, the reaction o: acetonide formation was reinvestigated. 
Anhydrokogagenin (Ila) was refluxed in acetone containing a small amount of 
p-toluenesulphonic acid. Chromatography of the product over alumina afforded, as 
described in the previous experiment,” a small amount of the acetonide diene 
(XVII) and a main product (A), m.p. 208-210°, previously assigned to be anhydro- 
kogagenin acetonide (XVIIla) on the basis of its analytical values and infra-red 
spectrum. Further elution of the above chromatography gave another isomer (B) 
having a melting point of 227-230°. The analytical values for the isomer (B) are in 


“4 
vig 
AcO AcO HO “4 
OH OH 
Ib HO HO 
AcO 
OHC---> 
rill 
RO 
RO COOH > 
b R=Ac XVI 
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good agreement with the formula C,,H,.O; corresponding to XVIIla. Its infra-red 
spectrum showed the bands at 2-83 « (hydroxyl), 6-00 « (double bond) and at 7-98, 
8-12 and 8-23 u (acetonide) and satisfied the structure XVIIla. The ultra-violet 
spectra of the two isomers, (A) and (B), were examined. The intensity of the absorption 
maximum at 206 mu due to the double bond, for the isomer (A) was merely ¢ 880, 
in contrast with the e 6050 and e 5100 for anhydrokogagenin (Ila) and the 1tsomer 


(B), respectivel' his observation suggested that the double bond tn the isomer (A) 
may the infra-red spectrum of each isomer was 
minutely determ! 1 with prisn he above assumption was supported by the 
absorption band at 12:18 « corresponding to a 

isomer xhibit band at 14-41 uw due 

i tuted double bond According these facts it is deduced that the 
isomer (A) previously presumed to be X Villa has the structure XIX in which allylic 
tide formation occurred simultaneously by refluxing of Ila 

nesulphonic acid in acetone The newly isolated isomer (B) is concluded 


to have the structure X Villa expected for the normal acetonide of Ila. This has been 


proved by the identification with a sample prepared by the following route, 1.c. 


acetylation of kogagenin acetonide (Va) followed by dehydration of the C,-hydroxyl 


1) P. Bladon, H. B. Henbest and G. W. Wood, J. Chem. Soc, 2737 (1952) 
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group with thionyl chloride-pyridine and saponification. This compound was also 
oxidized smoothly with manganese dioxide to the acetonide-A‘*-3-ketone (VI). 
Moreover, the isomer (A) was resistant to manganese dioxide oxidation or acetylation 


by refluxing acetic anhydride-py ridine and the starting material was recovered almost 


quantitative, as would be expected. 
Although there are very few examples on the allylic rearrangement in the steroid 
field.12 it is well-known that acidic treatment of A*-sterols readily causes A*.°-diene 


formation.” It is interesting that the above-mentioned reaction of Ila resulted 


chiefly in allylic rearrangement than in dehydration. 


EXPERIMENTAI 


All melting points are uncorrected. Ultra-violet absorption spectra were taken with a Beckman 


Model DU Spectrophotometer Infra-red spectra were measured using a Koken Infra-red Spectro- 
photometer Model DS 301 Rotations were determined with a Roudolf Photoelectric Polarimeter 


Model 200 


Epoxidation of anhydrokogagenin triacetate (\\b) 

lo a solution of ITb? (1-658 g) in chloroform (3 ml) was added a 0-46 M solution (12 ml) of 
perbenzoic acid in chloroform. After standing at room temp (15 21°) for 48 hr, the mixture was 
diluted with ether, washed with NaOH solution and water, and dried. The solvent was removed 
under reduced pressure leaving an oil (1-7 g) which was chromatographed on alumina (30 g). The 
fractions (1-294 g), eluted with a mixture « etl um ether and benzene (1 , were crystallized 
(1-00 g) of -25p-spirostane (IIIb), 


from aqueous methanol to prisn 
requires: ad 


m.p. 149-152", [x]) —3° (c 0-60, chloroform) OL C, 67-18; H, % 
H, 8-22°%%) 
The further elution of the above chromatog 


(390 mg) showing a hydroxyl band tn the infra-re nectrum. Saponification with refluxing methanolic 


KOH soluti gay 28.3x-trihydrox) b-epox y-25p-spirostane 


crystalline 


th benzene and with chloroform gave an oil 


(Illa, described below) in 


To f | im aluminiu dride ( ng) in dry 


(215 


and 


2) eluted 


which 

cal with ar h benzene 
(19:1 to 4:1) nethanol 
ed prisms (144 mg) than authentic 
sample of kogagenin triac« nfra-red spectra of these samples were identical 
Further elution of the above chromatography with chloroform and chloroform—methanol (1:1) 


afforded only an impure mater al (13 mg) 


(Illa) 

(a) By saponification (IIIb) The afore- 
mentioned IIIb (100 mg) prepared b epoxidation of Ilb was refluxed in 10 methanolic KOH 
2B. Pelc. Coll. Crech. Chem. Comm. 22, 1457 (1957); R. E. Ireland, T. I Wrigley and W. G. Young, 

J. Amer. Chem. S 80, 4604 (1958) 
13H. McKennis. Jr. and G. W. Gaffney, J. Biol. Chem. 175, 217 (1948); W. G. Danben and L. F. Eastham, 


J. Amer. Chem. Soc. 73, 3260 C1951) 


; 
ve 
with lithium aluminium hydride 
u ether (30 ml), a solution of IIIb 
in dry benzene (301 was added dropy e unde rring The mix as nheated under 
: reflux (52°) for 3 hr. After cox i small port f water was added carefully to decompose the 
} con ex id then the «ft i i dil HCI to dissolve an amorpt is metal hydroxide a 
TI pitated cryst ted Dy fhitratior washed th water and dried yielding scales 
(168 mg), m.p. 298-303° (dec ) The organic layer of the filtrate gave only 4 mg of the organic 
7 } nhvdrid 
; material. The combined product (172 mg wcetylated by refluxing wit cetic anhydride Hl 
| I 
= 
pee 
As 
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The cooled reaction mixture was diluted with water and the precipitate 
ofort th giving small plates of IIla, m.p. 273-275”, 
form than mi un 7 


M solution (2-5 ml) of perbenzoic acid 


1 in a refrigerator tor 45 hr, a 
needles (114 mg), m.p 
plates of m.p 

on 


the 


entic sample of 


od (b) described below and the infra-red spectra 
the above chromatography gave the starting 


acetonide (V1) The acetonide 


(VI, ation of iwenin acetonide followed by dehydration as described 


previously : fli for 30 min anol (10 ml) containing conc HCI (1 drop) he mixture 


water and dried After removal of the solvent, the 


was diluted with et 


crystalline residuc ywraphed on silica gel (3g). The fractions (15 mg) eluted with 
benzene—chloroform (4:1) fi ved, on recrystallization from acetone, A! '.25p-spirostadien-2-ol-3- 


one® as scales, m.p. 234-237 The eluate (111 mg) with benzene-chloroform and with chloroform 


'* ©. Mancera, G. Rosenkranz and F. Sondheimer, J. Chem. Soc. 2189 (1953) 


solution (10 mi) for 2? hr 
was filtered and recrystall 

requires viv H. 9-15 

By « fa Ila ToaO2l 

ag 266-270°, which was recrystallized from ethyl acetate-methanol gi iy 

admixture w specimen prepared Dy < (a) anc infra-red absorption spectra of 

two samples were ident d: ¢ 18: Calc. for C,.H,,.0,: ¢ 0-10; H, 915°.) 

a From the filtrate the additional Illa (¢ i) was obtained ‘ 

Pa 

\ 

\ 

120 1.45 3. 
\ iil iken at room temp (30 1) with 
st lat 

B anganese j f ani n (lla solution of Ila (110 mg) in 

le ‘ b 1 to 4:1) gave vellow crystals (8 mg) 

re of the further oxidized product (VII) described below. The next fractions (50 mg) eluted with chlioro- ‘ 

form, on cry rom aqueous acetone, furnish , silky needles, m.p. 202-204", 

the d yvdroxy-.\'-3-ket ec (1V) prepared by the met 
of these two substance ere identica 
Ihe I:l ¢ ethanol eluate meg) o 

material (Ila). m.p. 240-243° (decomp) 

b) B f A‘-25 

é 
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was crystallized from aqueous acetone to long needles of IV, m.p. 202-204°. For analysis, the 


substance was recrystallized once more from the same solvent and dried in vacuo for 5 hr at 110 
{x}, —141° (c 0-66, chloroform), 244 my (log 4:10). (Found: C, 73-11: H, 9°04. C,,-HyO; 
requires: C, 72-94; H, 9-07") 


The by-product (A-nor-A* 


kogagenin (Ila) 


-25p-spirostene-|,2-dione, V1) of manganese dioxide oxidation of anhydro- 


(a) Isolation of the product (V\1). A mixture of Ila (300 mg) and manganese dioxide (3-0 g) in 


chloroform (30 ml) was stirred for 6 hr at room temp. The dioxide was filtered and the filtrate was 


evaporated to dryness and chromatographed over silica gel (3 g). Elution with benzene and recrystal- 


lization of the eluate (188 mg) from chloroform—methanol mixture gave yellow pl ites (140 me) of 


EtOH 
VII, m.p. 228-230° (decomp), [~], 118° (c 0-75, chloroform), negative ferric chloride reaction; Ap). 
230, 282 my (log ¢ 3-60, 3-75); 345 my (log ¢ 3-70); 5-69, 5-80, 6-22 no hydroxyl 
absorption. (Found: C, 75-71, 75°62; H, 8°81, 8-72. Cy yeO, requires: C, 75-69; H, 880%) 


(b) Acetylation of Vil. A mixture of the foregoing VII (100 mg), acetic anhydride (2 ml) and 


py! dine (2 ml) was heated under reflux for 2 hi The prod ict, extracted with ether in the usual 
manner, was recrystallized from ethyl acetate—alcohol mixture giving colourless prisms of the enol 
acetate (VII1), m.p. 222-224", §5° (c 1-01, chloroform); 299 mu (log ¢ 3-97); 5-62, 
8:37-8:53 (enol acetate), 5 5-97, ¢ 25 membered con d enone) d 73 77; H. 
8-49. C,.H,,O, requires: C, 73-98; H, 843°.) 

(c) Treatment of Vil with o-phenylenediamine The above VII (100 mg) in alcohol (20 ml) was 
refluxed with o-phenylenediamine (100 mg) for 2 hr and then concentrated until crysta started 
separatl ny After cooling the crystals S/ meg), n p 260-265 . were collected and recrystallized 


twice from chloroform-alcohol to give pale yellow needles of the guinoxaline derivative (1X), m p. 


272-274 (decomp), 191° 1-03, chloroform); 25°°" 223, 260, 266, 338, 3 
4:35, 4-34, 4-13, 4-11); 6-22, 6:30, 6:36, 13:12 (Found: C, 79-24; H, 8-30; N, 5-51. 
H requires: ¢ 19-30; H, 832: N, 5-78 

(d) Treatment of Vil with zine and acetic acid. A yellow solution of VII (100 mg) in acetic acid 


(20 ml) was decolourized as soon as zinc dust (1-0 2) was added After refluxing for 3 hr, zinc 
was removed by decantation and ether and water were added to the solutior The ether layer was 
washed, dried and evaporated to dryne nvacuo. The residue was recrystallized twice from methanol 
vielding needles (30 mg) of the unsaturated ketol (X), m.p. 233-235 104 0-96 «¢ roform) 
937 mu (log 4-16), 2-86 (OH), 5°85, 6:17 (five-membered conj. unsat. ketone) 


(Found: C, 75-67; H, 9°47. C.,.H,.O, requires: C, 75-32; H, 9°24°,) 


Treatment of pento ta-triacetate (X1) with lead tetracetate 


The pentol triacetate (X1), m.p 2 , vas prepared on treatment of IIb with osmium tetroxide 
as described previou ly *)in acetic acid (10 ml) was added lead tetracetate 
acetic acid (29-68 mg/ml) solution (21 ml) After standing overnight at rox temp, iodometric 


determination of the reaction mixture showed that one equivalent of the r nt wv c sumed 
The reaction mixture was diluted with water and extracted with ether. The extract was washed with 
sodium carbonate solution and water, dried and evaporated. Crystallizat f the el residue 


(420 mg) from ether-n-pentane mixture gave the 4,5-secoaldehyde-ketone (X11) as needles (389 mg), 


m.p. 184 187 The pure sample showed the ving constants: m.p. 187-190", | 1 (c O98, 


chloroform): A; 5-68, 5:73 (acetate and aldehyde), 5-87 (ketone), nm 


C, 65-88; H, 8:13. C,,H,,O, requires: C, 65°54; H, 8-00",) 


(X11) 
To a solution of XIII (300 mg) in 90°, acetic acid (10 ml), a solution (1:94 ml) of chromium 
i 


trioxide in 90° acetic acid (20 mg/ml) was added. After standing for | hr at room temp, the reaction 


Oxidation of the 4,5-secoaldehyde-keton 


mixture was diluted with water and extracted with chloroform-ether (4:1) mixture. The solvent 


laver was washed with water and the acidic substances extracted with sodium carbonate solution 


The alkaline solution was acidified with dil HCl and extracted with ether. The ether solution was 


washed, dried and evaporated leaving an oil (297 meg) of the triacetoxy-keto-acid (XVb) which was 


not obtained in crystalline form 


3 
= 
5 
Found: 
1 
~ 


Toxuo Kupora and Ken‘icut TAKEDA 


treatment of the triacetoxy-keto-ac id (XVb) 


| methanoli ‘ tion. When the foregoing XVb (297 mg) was 


met lic KOH i . solution turned to yellov After refluxing 


ire was ¢ ! h i and I n acuo. The alkaline 
r, dried with sodium sulphate 


is cxtracted 
le 
i gave Necdics 


ated to ary 
148 
ind: C. 76°82: H, 10-08 
me) with hydroxylamine by 


217°. (Found , 73°87 


the usual mann or | ort 2), m.p 
H, 10-03 } ) 
The alkali i on was acidified with dil HCI and 
vater, dried and evaporated leaving a 

1(XVa). This acid was esterified with 

pectrum sat he given structure 

Howe this trihvdroxy-keto- 


tetracetate in acetic acid or with 


wetoxy-keto-acid (XV b. 153 mg) 
alcoholic KOH solution 


h ether. The ether layer was 


1 (30 ml) by warming. When KOH 


liately occurred. The mixture 
ere filtered, washed 


the pentol (X11) 


H,,O, requires 


cr were 
aporated 


zed from chloroform- 


-ketone (X1V), m.p. 220-224 


tone (X1V) 
mil) was refluxed for 30 min In an 


washed with water and dried. After 


atmosp of nitroge The solution we i ! h ether 


removal of the solvent. the crvstalline residue (24 mg) was recrystallized from methanol to give 


1¢ des-A-ketone (XVI), m.p. 156 158 


scales (20 mg) of th 


Treatment of anhydrokogagenin (\la) with acetone and p-toluenesulphonic acid 


A solution of Ila (139 mg) and p-toluenesulphonic acid dihydrate (15 mg) in acetone (30 ml) 
: / 


was refluxed for 5 hr and then allowed to stand at room temp overnight. The reaction mixture was 


neutralized with sodium bicarbonate solution and concentrated to about one third of the initial 


volume under reduced pressure. The concentrated solution was diluted with water and extracted 


id 
10 
dissolved in), 
—s 
lizat fr 
Zi 
C,,H,,O 
ester was recovered unchanged after treatment with excess lad 
ce ae periodic acid in 85 ethanol for 20 hr at room temp ae 
(b) With ale pot m hydroxide ution. The oily tr 
der fron (1501 was heated or team bath for rw 
oe (20 The reaction mixture was diluted with water and extracted wits ge 
treat nm the In it rud bstance ( mg) was recrystallized from methanol to i a 
ig scal SO mg) of m.p. 156-158 Ice y with a sample of the des-A-ketone (XVI) was established re 
by the infra-red and mixed m.p. determination 
(X11) 
The pentol triacetate (XI, 450 mg) was dissolved in methanci 
ee (4501 n water (11 is added to this solution, precipitation imi ee as 
wa fluxed for 4 hi th t preci re er trie 
with met l and wate d recryst ed fi chloroform—methanol to give 
ie. decomp dua bove 330°; yield 326mg. (Found: C, 6 H, 9-28. C,, 
oe C, 67-47: H 23 
Treatment of 25 (Xi f ad tetracetate 
To a solutio cet di(4 form (40 mil). XII (220 me) 
ee. added. The ether extract was ed carbonate ind water, dried anc 
ee under red 1 pre re The cryst e re 1€ 89 mg) was recry ee 
’) Se (decomp After ther recrysta tion the pure sampl wed the following ¢ ants: m.p. 
222-225" (dex } 0-97, roform) 5-78 (aldehyde), (ketone), no 
hydroxyl absorption. (Found: C, 73-98; H, 935. requires: C, 74:19; H, 934%) 
4ikaline treatment of the A-trisnor-1,5-secoaldehyde-ke 
4 mixture of XIV (40 mg) and KOH (100 mg) 
: 
; 
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with ether. The extract was washed with water and dried. After removal of the solvent, the cry stalline 
residue (156 mg) was chromatographed on alumina (5 ¢g). The fraction (14 mg) eluted with petroleum 
ether—benzene (9:1) gave, on crystallization from methanol, the acetonide-A*.*-diene (XVII),* m.p. 


162-165 

Elution with petroleum ether benzene (4:1) and with benzene and recrystallization of the eluate 
(79 mg) from methanol furnished needles (66 mg), m.p. 208-210", [2 lp —58° (c 1-00, chloroform), 
correspondi g to a specimen reported to be anhydrokogagenin acetonide in the previous paper.” 
The structure of this compound was assigned A*-25p-sp ostene-18,28,5£-triol 1,2-acetonide (XIX) 


based on the following constants: 206 my (log 2:94); 2-84 (OH), 8:10 (—O-), 
6°03, 14-41 (cis—CH CH—) 
This acetonide-A*-5-ol (XIX) was recovered unchanged after treatment with manganese dioxide 
in chloroform for 6 hr and it was not acetylated by refluxing for 1 hr with acetic anhydride in pryidine. 
Further elution of the above chromatography with benzene chloroform and with chloroform 
gave the crystalline eluate (51 mg) Recrystallization from methanol gave needles (34 mg), 
202-213°. which was recrystallized twice from the same solvent to yield the pure sample, m.p 
230°, 7° (c 0-88, chloroform); 206 my (log 3-73); 2-83 (OH), 7-98, 8°12, 
( 6-00. 12-18 (>C——CH—). (Found: C, 74-03; H, 9-81. CyoH yO; requires: C, 
H, 9-53°,). No depression was observed on mixed m.p. with a sample of A*-25p-spirostene-1[,2 
triol 1,2-acetonide (XVIlla), m.p. 227-230°, prepared by the following method, and the infra-red 


absorption spectra of the two specimens were identical 


Preparation of anhydrokogagenin acetonide (XVIlla) from kogagenin ac etonide (Va) 


\ mixture of kogagenin tonid a, 30 mg). acetic anhydride (2:5 ml) and pyridine (5 ml) 
was allowed to stand at roon f rod . extracted with ether in the usual way, 


was recrystallized from methanol gly ogagenin acetonide 3-acetate (Vb) z 
234-237", [a] 13° (c 0-98, chloroform) nd 70-68: H, 9-40 


70-30; H, 9-22%) 

To a solution < the foregoing Vb (200 me) in pyrid ne (2 mi), thionyl! chloride (0-3 gy) in pyridine 
(3 ml) was added dro se under cooling bath. After standing for 45 


reagent was destroyed w ice and the product wa acted with ether 


wi Dbicarbona solution wa ( ed and evap rated lea\ 


7 tall 1 4 
p. 184-18 which was recrystallized twice from metha ol to needles of A*- 


resid ‘ g), iz 
25p-spirosten 28.3x-triol 1,2-acetonide 3-acetate (XVIIIb), m.p. 212-214", [Jp 21° (c 1-04, 
chloroform). (Found: C, 72°89: H, 9:27. Cs.H,y.O., requires C, 72°69: H, 91 ) 

This XVIII[b (60 meg) was saponified with 1° methanolic KOH solution (5 ml) under reflux for 
1 hr. Recrystallization of the product from methanol gave needles of X VIIa, m.p. 227-230° (Found: 


C. 74-06: H. 9-54. C.,H,,.O, requires: 74°03; H, 953°). This was identical with the above-men- 


tioned sample of X Villa in all respects 


Oxidation of A*-25p-spirostene-1 8,28 ,3«-triol 1,2-acetonide with manganese dioxide 


To a solution of the foregoing XVIIla (37 mg) in chloroform (4 ml) was added manganese dioxide 


(0-3 @) and the slurry was stirred for 2:5 hr at room temp. After working up tn the usu | manner it 
vielded A‘ 25p-spirostene- -diol- acetonide (V1)*, as needies fron n.} 205-208 


| 
J 
| 
| 
. 
a 
22 1.p. 
3 
| 
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Abstract—A new method for preparing 1-amidine-3-arylureas or-3-alkylureas (1) from aryl or alkyl 


amine and cyanoguanidine or by hydrolysis of corresponding aryl or alkyl biguanides is described. 


The reaction of salts of amidineureas with primary or secondary amines to yield substituted ureas 
is described 


Aromatic amidineureas 
MONOSUBSTITUTED aromatic derivatives of amidineureas can exist in two isomeric 
forms, viz. as l-aryl-3-amidineureas (1) and |-arylamidineureas (II). 

R—NHCNHCNH, R—NHCNHCNH, R—NHCNHCNH, 


O NH NH O NH NH 


The isomers differ in behaviour when warmed with dilute nitric acid,’ according 
to the equations: 
R—NHCNHCNH, 5 R—NH, + CO, + NH,CNH, 
O NH NH 
R—NHCNHCNH, a R—NHCNH, + CO, + NH, 


NH O NH 
Another reaction characterizing derivatives Il is the formation of complex 
compounds with metals such as Cu, Ni. 1-Aryl-3-amidineureas (I) do not form 


such complexes. 
The difference between the infra-red spectra of |-phenyl-3-amidineurea and 1- 


phenylamidineurea, the simplest representatives of I and II respectively, indicate a 


new method (described later) to distinguish these isomers. 

Unlike the compounds II, the l-aryl-3-amidineureas (1) are little known. 1-Phenyl- 
3-amidineurea (1, R = C,H,) and some of its derivatives, were first prepared by 
Pellizzari.' In the course of the reaction phenylcyanguanidine (IV) was also formed. 


The latter is readily hydrolysed to 1-phenylamidineurea. (II, R = C,H;). 
HNO 
R—NHCNHCNH, >» R—NHCNHCNH, R—NHCNHCN 


NH NH © NH NH 
(R—C,H,) (R—C,H,) IV 
| H,0 
R—NHCNHCNH, 


NH O 
ll (Re=C,H,) 
1 G. Pellizzari, Gazz. Chim. Ital. 53, 384 (1923) 
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Amidineureas and some aromatic derivatives (I) have also been prepared by 
Passerini®, Junod® and Kundu and Ray*. 

A good yield of 1-amidine-3-p-nitrophenyl-urea (I, R = p-NO,C,Hy,) is obtained 
when p-nitraniline reacts with cyanguanidine in a 22 percent concentration of 
hydrochloric acid.** 

p-Nitrophenylbiguanide (III, R = p-NO,C,H,) is formed’ when the concentra- 
tion of hydrochloric acid is lower (12 per cent), but it is transformed into |-amidine-3- 
p-nitrophenyl-urea (I, R = p-NO,C,H,) by hydrolysis with 22 per cent hydrochloric 
acid. 


>—— NHCNHCNH 


NH NH 


Il (R=p-NO»C.H,) 


>— NHCNHCNH 


O NH 
I (R=p-NO.C.H,) 


This hydrolysis of biguanide derivatives (III, R = p-CH,;CONHC,H,) with 
hydrochloric acid was formerly observ ed by Mingoia and Ferreira,* but they ascribed 
the arylamidineurea structure (II, R p-NH,C,H,) to the product. 

Starting from p-sulphamidephenylbiguanide in acid medium Kundu® obtained a 


compound which does not yield a complex with Cu and Ni and on this basis ascribed 
the structure 1,(R = p-NH,SO,C,H,) to it. The structure was confirmed later by 


synthesis. 

The correct structure for the product prepared by Mingoia and Ferreira® is 
1,(R = p-NH,C,H,) as it is identical with that prepared by reduction of |-amidine-3- 
p-nitrophenyl-urea.”” (1, R p-NO.CgH,). 

Further experiments have shown that (A) amines and cyanoguanidine in the 
presence of excess acid and (B) the hydrolysis of arylbiguanides (111) can be used to 


prepare compounds I. 

Starting from a number of aromatic amines both reactions (A) and (B) have been 
carried out.**!!2 Generally speaking, a better yield of amidineureas (I) can be 
obtained by hydrolysing biguanides (II 1) according to (B). In some instances, however, 
the method (A) being simpler 1s advised. This applies to such amines as aniline, 


p-nitroaniline and p-aminobenzoic acid, which give yields of 80-90 per cent. 


2 R. Passerini, Boll. Sci. Fac. Chim. Ind. Bologna 9, 27 (1951) 

3 EF. Junod, Helv. Chim. Acta 35, 1670 (1952) 
N. Kundu and P. Ray, Jndian Chem. Soc. 29, 811 (1952): Chem. Abstr. 48, 2600 (1954). 

5 T. Urbanski, B. Skowronska-Serafinowa and H. Dabrowska, Roczn. Chem. 27, 65 (1953). 
T. Urbanski, B. Skowronska-Serafin, H. Dabrowska and J Jankowska, Bull. Acad. Pol. Sci. Cl. Il, 1, 
74 (1953) 

7 F. H. S. Curd and F. L. Rose, J. Chem. Soc. 365 (1946) 
Q. Mingoia and P. C. Ferreira, An. Fac. Farm. Odontol. Univ. Sao Paulo 7, 43 (1949); Chem. Abstr. 45, 
1971 (1951). 

®N. Kundu, Sci. & Cult. 15, 449 (1950); Chem. Abstr. 44, 9367 (1950). 

1° T. Urbanski, B. Skowronska-Serafin and H. Dabrow ska, Roczn. Chem. 28, 423 (1954). 

11 T, Urbanski, B. Skowronska-Serafin and H. Dabrowska, Bull. Acad. Pol. Sci. Cl. Ill, 2, 453 (1954). 

12 T, Urbanski, B. Skowronska-Serafin and H. Dabrowska, Roczn. Chem. 29, 450 (1955). 
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The preparation of amidineureas (1) from m- and p-aminophenols and 
p-chloroaniline was unsuccessful. Also the yield of I when using arylbiguanides 
prepared from some amines (111, R = m- and p-OHC,H,, f-naphthyl) is relatively 
low. This is probably due to instability of these amidineureas on warming with acids. 

Table 1 gives the yields of arylamidineureas (1) prepared by reactions (A) and (B). 


TABLE | 
R-NHCONHCNH, Yield of the reactions 


NH 


H 
~NO.C.H, 
COOHC,H, 
BrC,H, 
SO,HC,H, 
»~NH.SO.C,.H, 
~NH.C.H, 
pOHC,H, 
m-OH¢ 


Similarily. when 1|-phenyl-l-methylbiguanide (V) was hydrolysed with hydro- 
chloric acid, 1-phenyl-! methvl-3-amidineurea (VI) resulted.’” 


C.H.N—CNHCNH, C,H,—N—CONHCNH 


CH, NH NH CH NH 


vi 


Infra-red absorption spectra 

Infra-red absorption spectra of four derivatives of l-aryl-3-amidineurea (I, R 
C,H,, hydrochloride; R p-HO—C,H,, sulphate; R m-HO—C,H,, sulphate; 
R p-NH,SO,4 hydrochloride) and the isomeric |-phenylamidineurea (i, R 
C,H,, hydrochloride) were examined in a Nujol mull, the ratio of substance/ Nujol 
being 1 : 1. Infra-red spectrophotometer Hilger H-800 with sodium chloride prism 
was used 

The results are shown on Figs. 1—5S and the main frequencies are given in Table 2. 

An exact assignment of some frequencies of derivatives of urea 1s complicated by 
the enolization and possible existence of a few polar forms of urea In the region 
1200-1000 cm=! mono- and 1,4-disubstituted derivatives of benzene give frequencies 
which coincide with those of the —NH, group attached to an aliphatic chain. 

All examined compounds give frequencies in the region 3500-3300 cm. They 
are formed by NH, and phenolic groups (the latter in the compounds I, R = p- and 
m-HO-C,H,) bonded by intermolecular hydrogen bonds. The structure I (Figs. 1-4) 
gives a strong absorption in the region 1695-1680 cm~', typical for a group C=O in 


18 T. Urbatski, B. Skowrofska-Serafin, A. Matusiak, A. Tyczynski and M. Zarukiewicz, Roczn. Chem. In 
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Fic. 3. Infra-red spectrum of 1-(p-sulphamidopheny])-3-amidineurea sulphate 
(I, R = p-SO,NH,C,H,) 


15 
NHCONHCNH, * HCL 
NH 
8o} ! 
5 | 
i] 
40} | 
Fic. 1. Infra-red spectrum of 1-phenyl-3-amidineurea hydrochloride (I, R C,H,). 
M | | 
40} \ 
| | 
\ 
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Fi 2. Infra-red pectrun ofl ydroxypheny]) }-am cu i-sulphate (1, R »-OHC gly). 
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N-substituted amides. The analogous absorption band of the isomer 11, (R = C,Hs, 


Fig. 5) has apparently the maximum 1660 cm lie. ofa — lower frequency. 


All the compounds show in addition two strong bands 17 1715 cm™' and 1620 
1600 cm™ which most likely are due to the groups € O and ( ¢ NH. Boivin et al." 


assigned the bands 1710-1670 cm“! to ¢ NH vibrations in some aromatic amidine- 


which 


urea nitrates. The isomer II, (R = C,H,) also gives a strong band at 1636 cm 
may be assigned to deformation vibrations of NH, in ureas,"* and which is in agree- 
ment with the formula I 

Although it is difficult to draw a conclusion based on examination of only one 
substance (11), the marked difference between the absorption spectra of the compounds 
“ P. Boivin, W. Brigco and J. Boivin, J. Canad. Chen 32, 242 (1954) 


SH. M. Randall, R. G. Fowler, N. Fuson and J R. Dangl, /afra-red Determination of Organic Structures. 
Van Nostrand, New York (1949) 


bis 
N NHG@N 
N 
\ \ U 
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1(R = C,H;) and I1(R = C,H;) may give new evidence for the different structures of 
these compounds. 

Boivin et al.“ found bands 1380-1310 cm~ in the examined nitrates of amidine- 
ureas, assigning them to the N==O bands in the nitrate ions, but we found the same 
frequencies (1374-1320 cm~') in the hydrochlorides and sulphates. These bands are 


TABLE 2. INFRA-RED FREQUENCIES 


1 Ar-NHCONHC—NH,-HX 
NH 
C,H,NHCNHCONH,: 
p-OHC,H, p-SO,NH,C,H, —-m-HOC,H, HC! 
NH 


HCI 4H,SO, 


3465s 3300 s 3425 5 3425 5 

34105 3113s 3370s 31945 

3290 s 1715s 3290 s 1724s 

3219s 1684 s 3068 s 1695 s 

9S s 1625s 1725s 1660 w 1660 
1728 s 1590s 1688 s 1618 m 1636 
1680 s 1535 m 1614s 1540s 1620 
1620 1512s 1580 s 14955 1590 
1595 1450s 1550s 1453s 1563 
1555 1374s 1495 w 1370 w 

1500 1335 w 1454s 1338s 

1460 1270 w 1400 m 1314m 

1445 m 1250 m 1373 m 1287 w 

1377 1235 m 1339s 1266 m 

1320 1140s 1320s 1212s 

1260 m 1105s 1263 w 1180 m 

1210 1185s 1205 s 1158 m 

1118 m 1060 s 1085s 

905 \ 932 1000 w 

R38 76% 1006 
763 Sm m 945 
714s 


more likely due to the stretching vibrations of a C—N band in secondary amines of 
the general structure Ar-NH R'* present in both I and II. 

It is difficult to find more detailed assignment of the bands as the number of urea 
derivatives described in the literature and examined is very small. Examination of 


16 R. B. Barnes, R. C. Gore, U. Lidell and V. Z. Williams, Infra-red Spectroscopy. New York (1944). 
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infra-red absorption spectra of a larger number of urea and guanidine derivatives is 


being continued. 


Aliphatic amidineureas 

Preliminary experiments on the preparation of aliphatic amidineureas (I) by 
analogous reactions (A) and (B) have been carried out using benzylamine and n- 
butylamine 13 In both cases we failed to obtain I directly from amines and cyano- 


guanidine according to the method (A). Aliphatic amines do not readily react with 


cyanoguanidine and thus, alk ylbiguanides (111) are not prepared in aqueous solution, 
but require fusion of amine salts with cyanoguanidine Also, hydrolysis of biguanides 
(III) to yield I (reaction B) occurred with a small yield in both cases. Benzylbiguanide 
(111, R = C,H,CH,), yielded 11 per cent |-amidine-3-benzylurea (1, R = CgH;CH,) 
when hydrolysed with hydrochloric acid. In addition a number of decomposition 
products (benzylamine, guanidine, CO, and NH.) were formed and a small quantity 
of unchanged benzylbiguanide remained. 
In the case of n-butylbiguanide the yield ol l-amidine-3-(n-butyl)-urea (I, R 


n-C,H,) was still lower; when the time of heating was shorter and the concentration 


of hvdrochloric acid lower, a considerable amount of unchanged biguanide was left. 
When the time was longer and the concentration of the acid larger, a complete 
decomposition into n-butylamine, guanidine, CO, and NH, was produced, most 


likely due to instability of butylamidineurea on heating with conc. hydrochloric acid. 


Reaction of amidineureas (1) with primary and secondary amines 
Salts of arylamidineureas readily react with excess aniline to yield in the first 
instance 1-aryl-3-phenylurea (VII) and guanidine. Prolonged boiling yields carbanilide 
(VILL) and arviamine (1X) 
NH 
R—NHCNHCNH,-HX + C,H,NH, R—NHCNHC,H, + C--NH-HX 


NH NH, 


Ar) 
C.H.NH, 


C.H,NHCNHC,H, + RNH, 


O IX (R Ar) 
Vill 


Very often the transformation of arylphenylureas into carbanilide was so fast that 
isolation of the intermediate (VII) was impossible. 

The reaction of arylamidineureas with o-, m- and p-toluidine,"’ 2-aminopyri- 
dine,'*."* cyclohexylamine, piperidine and n-butylamine™ have been examined. In all 
these instances compounds of the type VII (R = CgH,CHy o-, m-, p-, 2-pirydyl, 
C;H,,, piperidyl, n-C,H,) were formed, but symmetrical derivatives of urea of the 


1? T. Urbanski, B. Skowrofiska-Serafin and G. Chadzytski, Roczm. Chem. In press. 
18 T. Urbanski and B. Skowronska-Serafin, Bull. Acad. Pol. Sci. Ci. Il, 4, 361 (1956). 
19 B. Skowronska-Serafin and T. Urbanski, Roczn. Chem. 30, 1189 (1956). 

2° T. Urbanski, B. Skowronska-Serafin and J. Zyolwski, Roczn. Chem. In press. 
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type (XI) were not always obtained. In general the following reaction can be given: 
NH, 


R—NHCNHCNH,-HX + R’—NH, R—NHCONHR C—-NH-HX 
x 


© NH NH, 
R’—NH, 
\ 
4 
R—NH, + R’—NHCONHR 
x! 


The reaction of salts of the arylamidineureas with amines is a convenient method 
of preparing disubstituted derivatives of urea of the general formula X. Table 3 gives 
the disubstituted ureas (X) and (XI) prepared by this method. 

The reaction of salts of 1-aryl-3-amidineureas with secondary aromatic-aliphatic 
amines has a different trend.17."*.24, When a salt of aryl amidineura (I, R = Ar) is 
warmed to boiling with N-methyl or N-ethyl-aniline, 1-aryl-l-alkyl-3-arylurea (X11) 
and a guanidine salt is obtained together with a small quantity of sym-diarylurea 
(XIII). Prolonged boiling reduces the yield of XII, increases the yield of XIII and 
arylamine, and produces tarry decomposition products. 

R NH, 
R—NHCNHCNH, -HX R°—NHC,H, —- R—NHCNC,H, C-—-NH-HX 
NH NH, 


(R°—CH,,C,H,) Xi (R = Ar) 
R—NHCNH—R + RNH, 
IX (R Ar) 
Ar) 
The reaction differs from that with primary amines in that the sym-diarylurea 
(XIII) contains the same R-groups as the origin il arylamidineurea and dialkylcar- 


banilide (XIV) which would be analogous to carbanilide (VIII) is not formed. 
CM 
R 
XIV 


When XII is boiled with an excess of N-alkylarylamine, it is recovered unchanged 


after several hours. 


Biological actit ity 
All derivatives of guanidine described in this paper possess a pronounced bio- 
logical activity and have been examined against TB, tumor cells and malaria. 
Toxicity. Amidineureas (I) proved to be of relatively low toxicity,* the LD;, 
being, when taken per os 1-3g/kg,and when applied intravenously 0:1 g/kg. Biguanides 
are of much higher toxicity, B-naphthylbiguanide* being LD,, per 0-1 g/kg. 


* These were examined by Dr. J. Venulet, Miss K. Jakimowska and Miss A. Urbanska. 
21 T. Urbanski and B. Skowronska-Serafin, Bull. Acad. Pol. Sci. Cl Ill, 4, 363 (1956) 


22 T. Urbanski, B. Serafinowa, S. Malinowski, S. Slopek, I. Kamienska, J. Venulet and K. Jakimowska, 


Gruzlica 20, 153, 293 (1952) 
23 T. Urbanski, S. Malinowski, B. Skowrofska-Serafin, B. Chechelska, H. Dabrowska, J. Falecki, D. 


Giirne, S. Slopek, I. Kamiefska, J. Venulet, K. Jakimowska and A. Urbanska, Gruzlica 22, 681 (1954). 
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TABLE 3 


R—NHCONHCNH, HX R’NH xX 
RNHCONHR R’NHCONHR 


NH 
Yield ield 


C,H 96 
o-CH,C,H, 58 
m-CH,C,H, 42 

n-C,H, 94 


-COOHC,H, 
SO,HC,H, 
p-NH.SO.C,H, 
CIC Hy, 
BrC,H, 
p-OHC,H, 
m-OHC,H, 
~NH.C,H, 


naphthyl 


j 


ridine 


C,H,CH, C,H,CH, 
C,H; 

n-C,Hy n-C,Hy, 
C,H; 


: 
20 
C,H 
65 
7 ] 
6 
60 
p-NO.C,H, C.H 80 
10 
70 
C.H 
on 60 
C,H 
C,H 40 
C,H ‘ 
C,H 
94 
9? 88 
n-C,H 98 
N 20 
£ 
75 30 
90 
50 30 
: 
s 
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Antituberculous activity. This was examined* in vitro by means of Mycobacterium 
smegmatis strains, Myc. 279 and H,,Rv. The most potent among amidineureas were 
compounds I. (R = p-NO,C,H,;** R = p-CIC,H,;* R = p-BrC,H,.**) They were 
active against Mycobacteria at the concentration 1-5 mg %. 

Among biguanides /-naphthylbiguanide*® and p-nitrophenylbiguanide** were 
particularly active, their bacteriostatic concentration being 2 mg % and 8-15 mg % 


respectively. 


Kind of cells 


TABLE 4 


Compounds 
I 
R—NHCONHCNH, 


Ehrlich ascites Amytal ascites Leucocytes 


carcinoma sarcoma of guinea pigs 


NH-HCI concentration of compounds in “g/ml 


1000 100 10 1000 100 10 1000 100 10 


p-NO.C,H, 
C,H 
p-BrC,H, 
p-NH.C,H, 
m-OHC,H, 


Compounds III 
R—NHCNHCNH, 


NH 
R 


p-CH,C,H, 
}-naphthyl 
p-BrC,H, 

p-NO“ H, 


Mercuric chloride 


All substances were ineffective in vivo against experimental TB in mice, rats and 
guinea pigs.* 

Antineoplastic activity. 
Mordarski using the modified Miyamura test with three types of tumor cells, namely, 
Ehrlich ascites carcinoma, amytal ascites sarcoma and leucocytes of guinea pig.” 


Experiments in vitro were carried out by Slopek and 


Table 4 tabulates the result of these tests. 
The experiments in vivo will be carried out. 


/ 
* By Professor S. Slopek and Dr. M. Janowiec 
#4 T. Urbanski, C. Belzecki, B. Chechelska, B. Chylinska, H. Dabrowska, J. Falecki, D. Giirne, L. Halski, 
S. Malinowski, B. Serafinowa, J. Zylowski, S. Slopek, I. Kamiefiska, J. Venulet, M. Janowiec, K. Jaki- 


mowska, A. Urbanska and A. Kuzniecow Gruzlica 26, 889 (1958) 
28 §. Slopek, H. Mordarska, M. Mordarski, T. Urbariski, Skowronska-Serafin and H. Dabrowska, Bull. 


Acad. Pol. Sci. Cl. Il, 6, 355 (1958). 
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Antimalarial activity. Experiments with chicks infected with Plasmodium gal- 
linaceum* show the best results with the compound I(R = p-NO,C,H,). A dose of 
40 mg/kg kept the chicks free from parasites in the peripheral blood, and a dose of 
20 mg/kg diminished greatly the peripheral parasites.*° 


TABLE 6 


Substrates R-NHCONHC(NH)NH, 


RNHC(NH)NHCONHDNH, HC! Hydrochloride 


Yield 
R Cryst Cryst. 
solvent solvent 


p-NO,CyH, } 23 32°" alcohol 
p-COOHC,H, 

C,H 

p-NH,SO,C,¢ 5 30 min 2 2-213 water 
p-CIC,H, m 206-2 2 wa $3—14- water 


p-BrC,H, 
p-SO,HC,H, 5° hr 5 267-26! sat NaHCO, 


p-OHC,H, 


m-OH¢ H, 


naphthy! 
C,H.CH, 


1-Pt 


(Vv) 
* The precipitate was filt 1, dissolved in water and made ne with dil NaOH 
* Free base with 1 mole H,O 
* Hydrolysis of hydrochloride occurs on boiling 
‘ 


The precipitate was filtered hot and recrysta 
* M.p. of sulphate ; after cooling the reaction mixture wa tered and the product recrystallized from dil 
H,SO, with 1 H,O 


p- Toluc nosulphonate 


EXPERIMENTAI 


Preparation of ar vlamidineureas (1) from amines and cyanoguanidine 


Example. p-Nitroaniline (13°8; 0:1 mole) were dissolved in 17 ml HCI and 11 ml water at 50 


Cyanoguanidine (8-4 g; 0-1 mole) was added and the mix ] 


ture heated cautiously; a vigorous reaction 


gave a cryst illine product After refluxing for 30 min the mixture was chilled, filtered and the 


crystals were washed with 22°, HCl and alcohol, to yield 13-5 g (90%) 1-(p-nitrophenyl)-3-amidineurea 
hydrochloride, m.p. 280-282° (decomp.) 

The filtrate, concentrated and made alkaline with NaOH, yielded 5-8 g p-nitraniline. For other 
derivatives see Table 5. 
Preparation of ar ylamidineureas (1) from arylbiguanides (111) 

Example. Phenylbiguanide hydrochloride (3 g) were heated with 3 3 ml conc HCl for | hr. On 
cooling 1-phenyl-3-amidineurea hydrochlorid. precipitated; m.p. after recrystallization from dil HC l 
163-164", yield 2 Og (65°.). For other derivatives see Table 6. 


Reaction of arylamidineureas (1) with primary amines 
Example. 1-Phenyl-3-amidineurea hydrochloride (2:5 g) and 3g p-toluidine were mixed and 
heated to a clear solution, and then refluxed gently for 1-2 min. After cooling dil HCl was added, the 


* Carried out by Professor Yin-chiang Chin and Dr. Yun-yi Wu, Academy of Medical Sciences, Peking. 
26 Y. Ch. Chin, Y. Y. Wu, T. Urbanski, B. Skowrofiska-Serafin and J. Venulet, Nature, Lond. In press. 


Base 
¥ 
4 
wat 
5-0 1-2 3-8 1 he 214-21 0 10 | water 
5-0 1-2 (the | 220-222 15 | 14 | water 
14°0 0-0 hr 279-281 21 21 water 177-179 lil alcohol 
0 7S he 68 0-4 11 water 142-144° | water 
q 
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TABLI 


Substrates R—NHCONH—R’ 


HC] 


Heating 


period 


R 


p-COOH-C,H, 
NH.SO.C,H, 
CLC,H, 
-Br-C,H, 


149-150 


R’—NH 
Yield 
28 C,H 12-0 10 min 236-237 96 
2:5 o-CH,C,H, 4-0 15 min 202-203 . 
4-0 1~2 min 174-175 42 
CH,C.H, 
9.4 3-0 min 231-232 63 
5-0 n-C,H $0 he 130-15! 
5.0 5-0 2.3 min 182-183 75 
2.3 min 189-190 50 
p-NO,-C,H 5-0 15-0 -3min 218-219 80 
10-0 n-C,.H 20-0 2 hr 147-149 traces 
he ; WT o<¢ 
10 ?-0 ] min 242 247 66 
CH 10-0 10 min wo R0 
C.H 15-0 20 min 228-230 90 
74) C.H 10-0 1? mi 237238 40 
= a $-0 10-0 20 min 204-205 92 
n-C.H 10-0 20 min 9S 
10-0 20 min 247-248 20 
ae 2-0 NH 5-0 20 min 153-154 94 
C.H.CH $0 C,.H.CH 4:8 5 min 165-166 
CH 4-2 2 min 169-170 
n-C,H 5-0 n-C,H 5-0 he 0-71 95 
0-5 C.H 1-0 1-2 min 129-130 50 
ak Heat re 4-5 atm, 150-190 ‘ 
wa 
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crude 1-phenyl-3-(p-tolyl)jurea was filtered off and recrystallized from anhydrous ethanol; 
231-232, vield 1-6 g (68°). For other derivatives see Table 7. 


Prolonged heating of the same reagents or of X with an excess amine, resulted in formation of 
disubstituted ureas (XI). For yields and m.p. see Table 2 


TABLE 8 


Substrates 


R—NCONHCNH, HC! 


NH 
Heating 
period 


Y ield 


1-2 min 


min 
10 min 


As an alternative 
with H.O, and recry 


icknowledcement Our thanks are 


compounds d bed in the present paper Mrs 


Mr. G. Chadzynski, Mr. A. Matusiak, Mr. M. Z 


Tyczynski 


Our thanks are also due to Mrs. U. Dabrowska 


spectrophotometer 


chiang Chin and Dr. Yun 


Product 
RN CO 
R' NH N CON 
R R g R g m.p 
: H 3-0 CH 8-0 104-105 1:8 65 
5-0 C.H 15-0 85-86 2-8 50 
p-NO.C.H, H 3-0 CH 5 124-125 0-8 26 
he ie 5-0 C.H 15-0 5 min 7 ) 1-5 35 
p-CiC,.H, H 5-0 C.H 28-0 20 min 123-124 1-6 30 
ee ; C,H CH 5-0 CH 0 50 min 121-122 2-0 38 
Reaction of arviamidineureas with N-met/ yi and N-es/y -aniline 
ee Example. In an open flask N-methylaniline (1-2 g) and 1-phenyl-3-amidineurea nitrate (3 g) 
ee sa se were heated as rapidly as possible (with an ope ime) to obtain a clear lut } After cooling 
: dil HCI was added, the precipitate extracted wi benzene, dried with anhydro Na,SO,, and 
evapo! ited to dryness The crude prod ict Wa rect tallized from alcohol to yield 1-methyi- 
carbar le. m.p. 104-105" (65°.) 
pr re the precipitate formed er HCI acidification can be filtered ashed 
tallized. For other derivatives see Table 8 
F eee duc to all our collaborators who took part in preparation of the 
Dabrowska-Urbariska, Mr. J. Zylowski, 
arukiewicz, Miss H. Wojciechowska and Mr. A 
ees for carrying out the experiments with infra-red 
| SEES and to Professor S. Slopek, Dr. M. Mordarski, Dr. J. Venulet, Professor Yin- 7 
es -yi Wu for carrying out the biological and pharmacological test ; 
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BENZOLOGUES AND OTHER DERIVATIVES OF 
PEROPY RENE 


E. Crar,. G. S. C. T. [Ronstpe and (in part) A. BALSILLIE 


Chemistry Department, The University, Glasgow 
(Received 26 January 1960) 


Abstract— Peropyres ynthes via the diketone (II) and by reduction of peropyrene- 

ve (1 latter can als obt i from the diketone (11). 4:4’°-Dibenzanthrony] gave 4:4’- 

id the yellow cor yuund (VI) which 

dec osed to (VID). Condensation of 

4-5.11:12-dibenzoperopyrene (VIID), 4:5,9:10-di- 

4-5. 8:-9-dibenzoperopyrene (X) and 2:3,8 libenzoperopyrene (VII). 

enzoperopyrene (XIV) was synthesized \ a (XID and (XIID. A zine dust melt of 8:3'- 

dibenzanthronyl (XVII) gave 3:4,11:12-dibenzobisanthene (XX1). A mixture of the dibenzanthronyls 

(XVID. (XVID and (XIX) gave 3:4,10:11-dibenzobisanthene (XX) in itior The dinaphtho- 
peropyrenes (XXIII) and (XXIV) resulted from a zinc dust melt of naphthanthrone (XXII). 


5:6 


WHEN perinaphthone (1) was reduced with aqueous sodium hydroxide solution and 
zinc dust a colourless product was obtained. It had no phenolic properties and its 


infra-red spectrum show ed a strong carbonyl peak at 1675 cm. Condensation of the 


4-48), 4650 (4°24), 
4-trichlorobenzene, p: 4570 


7). 4280 (4-66), 4030 (4°18); 3300 (4°40). 


diketone (II) with alcoholic potassium hydroxide gave peropyrene quinone (IV). This 
quinone was also obtained by condensation of perinaphthone( 1)in alcoholic potassium 
hydroxide. It is described in the patent literature.’ but has never been characterized as 


a pure compound. The absorption spectrum is shown in Fig. 1. It is obvious 


that the condensation of perinaphthone (I) proceeded in an analogous way to 
the condensation of benzanthrone to violanthrone.* A zinc chloride sodium chloride 
melt of the diketone (II) gave peropyrene (III). This hydrocarbon was also prepared 
1 Badische Anilin und Soda Fabrik, Ger. Pat. 283066 (1913). 

2 A Liittringhaus and H. Neresheimer, Liebigs Ann. 473, 259 (1929). 
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in good yield by a zinc dust melt of peropyrene quinone. When the latter was oxidized 
with chromic acid, an acid was formed which yielded perylene on decarboxylation. 
This confirms the view that the carbonyl groups are located in the two terminal rings. 
The above syntheses gave much better yields than the one previously reported.* 
4:4'-Dibenzanthronyl? was smoothly reduced to 4:4’-dibenzanthrenyl (V) with zinc 
dust, pyridine and acetic acid. For the absorption spectrum see Fig. 2. It could be 
dehydrogenated with chloranil, nitrobenzene or palladium charcoal in trichlorobenzene 


Fic. 2. Absorption max (A) and log é (in parentheses). 
Benzanthrene in alcohol, p: 3440 (4-14), 3290 (4-22), 3120 (4-08); 2500 (4-20): § 2280 (4°64). 
4:4’-Dibenzanthrenyl V in benzene, p: 3570 (4°54), 3410 (4°52); in alcohol, 2500 (4°50); 
} 2260 (4-90). 


to a yellow compound, probably (V1), which when heated in xylene or nitrobenzene 


solution changed to a deep blue solution, showing an absorption band at 6000 A. 


The colour disappeared again on cooling. The thermochromy could be observed 
many times in xylene solution before the compound was finally transformed into 
1:2,9:10-dibenzoperopyrene (violanthrene, VII). This condensation also took 
place after a short boiling in nitrobenzene. Owing to its sensitivity, the compound 
(VI) could not be recrystallized in an analytical pure state. However, the assumption 
of the equilibrium (V1) = (VIa) is the most likely explanation for the thermochromy. 

When heated with benzene and aluminium chloride, peropyrene (III) gave a 
phenylperopyrene, which has an absorption spectrum closely) related to peropyrene 
(Fig. 3). The phenyl group is most likely in one of the terminal rings because substitu- 
tion in the positions 5 and 6 would have produced a new ring on cyclization and a 
corresponding major alteration in the spectrum. Peropyrene can be oxidized to 
peropyrenequinone W hich is identical with the quinone obtained by direct syntheses. 
Peropyrene does not form an adduct with boiling maleic anhydride and chloranil, but 
gives a little dichloroperopyrene (Fig. 1). It has therefore no perylene character. 
Unlike perylene the two central bonds cannot assume single bond character in terms 
of Kekule structures. However, peropyrenequinone (IV) is a perylene derivative by 


* E. Clar, Ber. Disch. Chem. Ges. 76, 458 (1943). 
4D. M. Donaldson, J. M. Robertson and J. G. White, Proc. Roy. Soc. A 220, 311 (1953) 
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this definition. Accordingly, it forms quite readily an adduct with maleic anhydride, 
with or without chloranil. This brownish yellow anhydride could not be recrystallized 
from high boiling solvents because of the dissociation which also took place in an 
attempt to decarboxylate with soda lime or in quinoline with copper powder. Dis- 
sociation was also complete when the adduct was reduced with zinc dust in aqueous 
alkali. Violanthrone (1 :2,9:10-dibenzoperopyrene-3,8-quinone) also gives a dis- 


sociable adduct. 


2 
0 
3 
+ 
0 0 0 
IV 
H 
¥ vid vi 
x x 
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A condensation of two molecules of benzanthrone with phosphorus oxychloride® 
gave besides the already known yellow 4:5,11 :12-dibenzoperopyrene® two hitherto 
unknown dibenzopyrenes. They can have only the structure of a 1:2,6:7-dibenzo- 
peropyrene (1X) and 1:2,11:12-dibenzopyrene (X). They are not identical with 


(in parentheses). 
Peropyrene III 1 3860 (4-42), 3660 (3-94), 3480 (3-44); 
3235 (4:74), 3090 (4°50), 2950 (4:24) 2640 (5:10). Phenylperopyrene in 
benzene, p: 4530 (5:00), 4260 (4°80), 4030 (4 3300 (4°68), 3160 (4°50) 


Fic. 4. Absorption max (A) and log « (in parentheses). 

Dibenzoperopyrene m.p. 334-335, (IX or X) in benzene, p 4820 (4-87), 4530 (4°66), 4200 
(4-28). 3960 (3-89); 3630 (4°78), 3460 (4-60); §’: 3185 (4-75), 3060 (4 63). Dibenzopero- 
979° (X or IX) in benzene, p: 4720 (4°78), 4450 (4°62), 4180 (4-27); 3580 (4 72), 


pyrene m.p 
3415 (4.55): 8B’: 3070 (4°73), 2950 (4°59) 


1 :2,9:10-dibenzoperopyrene (violanthrene, VII). Their first absorption bands (Fig. 
4) are located between the latter and 4:5,11:12-dibenzoperopyrene (VIII, Fig. 5) in 
accordance with the formulae (IX) and (X). 

5 :6,12:13-Dibenzoperopyrene (XIV, 2:3,8:9-dibenzcoronene) has been synthe- 
sized previously in a very complicated way involving numerous intermediate 
stages.” It could be more easily obtained from 1,4-dimethylanthraquinone which 
5 N. Campbell and A. A. Woodham, J. Chem. Soc. 843 (1952). 


6 EF. Clar. Ger. Pat. 621861 (1933); Ber. Dtch. Chem. Ges. 76, 458 (1943). 
? R. Scholl and K. Meyer, Ber. Dtsch. Chem. Ges. 65, 902 (1932). 
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yielded the diol (XII) when reacted with o-tolyl-lithium. Reduction with hydriodic 
acid in acetic acid gave the ditolylanthracene (XIII). Cyclodehydrogenation with 
palladium charcoal provided dibenzoperopyrene (XIV) in varying yields. Its ab- 
sorption spectrum shows a striking resemblance with the deep red 1:2,8:9- 
dibenzoperopyrene (isoviolanthrene, (XI), Fig. 6) thus indicating that the two 


4} 
J 
200 
Fic. $. Absorption max (A) and log ¢ (in parentheses) 

4:5.11:12-Dibenzoperopyrene VIII in benzene, p: 4450 (4°86), 4180 (4-73), 3980 (4°36); p 
3480 (5-10). 3320 (4-85), 3165 (4°82), 3110 (4°82), 2960 (4 70). 1:2.9:10-Dibenzoperopyrene 
(Violanthrene) Vil in benzene, p 4920 (4°91), 4580 (4°60) 4280 (4-28) ; 3820 (4°16), 


4610 (4:26), 3430 (4°10); p 3275 (4-76), 3140 (4°47), 3000 (4°30) 


Fic. 6 Absorption max ( \) and log e (in parentheses) 
1:2.8:9-Dibenzoperopyrene XI in I-methy!napht e. p: 5230 (4-90) 4880 (4°65), 4590 
(4°34); 3640 (4°96). > 12:13-Dib peropyre XIV in I-methylnaphthalene, p: 5240 

(5-02), 4880 (4°50), 4580 (3°94) 3620 (4-54), 3440 (4°16). 


double bonds fused to peropyrene in the positions §:6.12:13 have the same effect 
as two dienes fused to the positions 1 :2,8:9. 

3:4.11:12-Dibenzobisanthene (XXI) and 3:4,10:1 |-dibenzobisanthene (XX) 
cannot be obtained by a condensation of two molecules of benzanthrone. They were 
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XIX xx XXI 


synthesized from 6- and 8-chlorobenzanthrone (XV) and (XVI) via the dibenzanthro- 
nyls. Pure 8:8’-dibenzanthronyl (XVII) was prepared from 8-chlorobenzanthrone 
with copper powder in nitrobenzene.* It gave the hitherto unknown pale yellow 
3:4.11:12-dibenzobisanthene (XXI) in a zinc dust melt. It has 5 inherent aromatic 
sextets (marked with circles), i.e. more than any other hydrocarbon consisting of 2 


benzanthrene complexes (except (VIII) which is non-planar) and therefore comes 
nearest to a fully benzenoid hydrocarbon like hexabenzocoronene.’ Its p-bands 
(Fig. 7), accordingly, are the most shifted to the short wave part of the spectrum and 
it shows a red phosphorescence of long life in solid solution at low temperature. 


* W. Bradley, J. Chem. Soc. 1622 (1948). 
* FE. Clar and C. T. lronside, Proc. Chem. Soc. 150 (1958); E. Clar, C. T. Ironside and M. Zander, J. Chem. 


Soc. 142 (1959). 
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The isomer 3:4,10:11-dibenzobisanthene (XX) has only 4 inherent aromatic 
sextets. It is red and its p-bands are at longer wavelengths (Fig. 7) like the ones of 
(VII), (1X) and (X), whilst (XD) and (XIV) with only 3 inherent sextets have p-band 
at the longest wavelength (5150 A in benzene). 3:4,10:11-dibenzobisanthene (XX) 


was prepared from a constant melting eutectic mixture of the two chlorobenzan- 
thrones (XV) and (XVI), which, when treated with copper powder in nitrobenzene, 


J) 
| 


4380 (3 


i4 


45] 4-40). 4200 (4-26), 3940 


4-66). 3000 (4°40) 


gave a mixture of the dibenzanthronyis (XVII), (XVIII) and (XIX). The zinc dust 
melt vielded a mixture of 3:4,11:12- and 3:4,10 1 1-dibenzobisanthene (XXI1) and 
(XX) respectively. The former could be enriched in the mixture by chromatography, 
but not freed from (XXI1). The spectrum of pure (XX) was obtained by the sub- 
traction of the absorption curve ol (XX) from that of the mixture 

As could be expected by a comparison of the fort ulae (XX) and (XX1I), the former 
reacted more readily with maleic anhydride and chloranil and its spectrum gradually 
disappeared from the mixture in the course of the reaction. However, (XX1) also 
appears to react to some extent hecause the decarboxylation of the resulting acids 


yielded an inseparable mixture of hydrocarbons 


Naphthanthrone ( XXII) could be condensed like benzanthrone. This was done in 
fused zinc chloride with zinc dust. The main product of the reaction was a good 
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yield of dinaphtho-(7':1',1:13)(1":7",6:8)-peropyrene (XXIII). It was identical 
© An attempt to condense 
(XXIII) with bromomaleic anhydride yielded a dibromoderivative of (XXIII). 


with the same hydrocarbon obtained by another synthesis. 


[he chromatography of the reaction product yielded another isomer possibly 
(XXIV). Its absorption spectrum is recorded in Fig. 8. Although a spectroscopic 
examination of the crude condensation product indicated the presence of at least two 


more isomers which could be expected in analogy with the condensation of benzan- 
throne. these hydrocarbons were not eluted irom the chromatographic column even 


after a prolonged extraction 


EXPERIMENTAL* 


xylene (50 ml) 
The ition 
becan 
and U 
needle 


H 


The 
severa 
from 1 
C,,H,,.O, req 
solution Abs 
Peropyrene-|,10-quinone (1V) from the diketo e diketor 100 mg) was added to a 
solution of potassium dro g) in methan 50 ml) and the temperature raised with constant 


stirring to 150-160 he typically purple colour of ti juinone (IV) developed immediately, and 


after dilution and oxidation with air the dark purple quinone was obtained (90 mg). The absorption 


* Melting points are uncorrected and were taken in evacuated capillaries Microanalyses by Mr. J 
M. L. Cameron and his staff of this department 
1%” E. Clar. W. Kelly, J. Monteath Robertson and M. G. Rossmann, J. Chem. Soc. 3878 (1956). 
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spectrum was identical to that shown in Fig. 1. The colour in sulphuric acid was blue. The vat with 


alkaline sodium dithionite was red 


Degradation of peropyrene-\ ,10-quinone (IV) to perylene The solution of the quinone (IV, I g) in 
conc sulphuric acid was poured into a solution of chromium trioxide (1-4 g) in water (100 ml). This 
suspension was bi iled for 1 hr, the solid product filtered off. extracted with dil alkali and acidified 
The resulting crude acid (200 mg) was heated with soda lime under nitrogen. A little of a yellow 


hydrocarbon sublimed from the mixture at 380-400 /O:'1 mm The absorption spectrum of this 


substance in benzene was identical to that of perylene 
Peropyrene (111) from peropyrene-| 10-quinone (IV). The quinone (IV, 10 g) was ground together 


th zinc dust (10 2) and sodium chloride (10 ¢ Zinc chloride (50 g) was added and after the addition 


of water muxt was melted and the temp raised with constant stirring to 290-310 , for 


Smin. Digestion wi lila iC i removal of the zinc dust with acid, and sublimation 380 (0-02mm 


platelets of peropyrene, | 3g). Absorption spectrum as shown in Fig. 3. The 


gave the ¢ -yellow 


colour in sulphuric acid was blue 


Pero the diketone (1). The diketone (11, 500 mg) was mixed with sodium chloride 


the mixture heated with stant stirring to 300° for 5 min After 


the reaction product was sublimed at 350 /0-1 mm giving peropyrene 


(400 me When peropyrene was oxidized with selenium dioxide in nitrobenzene the resulting 


peropyrenequinone showed the same absorption bands as IV 
Reaction of peropyrene-\|,10-quinone with maleic anhydride he quinone (IV, 1 g) was ground 


j j The mixture was heated, and the blue coloured 


with maler anhydride and chioranil (1 2) 


solution turned dull red an hen brown (30 min). After cooling, xylene (50 ml) was added and the 


crude adduct (1°4 g), filtered « The blackish solid gave a red coloured alkaline solution which had 


an absorption band at 480 my (diffuse). The adduct was insoluble in benzene or xylene and solvents 
such as acetic anhydride, dimethyl formamide, trichlorobenzene etc. gave solutions on heating 


which showed absorptior bands at 600 my, 555 my of the peropyrene quinone (1V). Dissociation to 
the quinone (IV) also occurred when the adduct was boiled in dil alkali (5-10°,) in the presence ol 


zinc dust. Attempts to decarboxylate the adduct by heating with soda lime gave no pure product 


Heating in quinoline with copper powder gave purple solutions of the quinone (IV) The reactions 


described above also occurred when chloranil was omitted from the reaction mixture 


Reaction of violanthrone with maleic anhyd When violanthrone was boiled with an excess of 


maleic anhvdride an alkali soluble adduct was formed in good yield The alkali solution of the adduct 


had an at + band at $10 mu. This adduct behaved in a similar way to that described above, 


dissociat } violanthrone occurring readily 
Phenylperopyrene. Peropyrene (S00 mg) was suspended in dry benzene (100 ml) and powdered 
aluminium chloride (1 g) was added in ns. The mixture was heated on the water bath, the 


initial strong blue fluorescence ng t od red. After decomposition in the usual manner, the 


vellow product (450 mg) was ind chromatographed over alumina. Fractions 
ncentration gave yellow platiets (300 mg) 


300°/0-l mm. (Found: C, 95-2, 95-3 


showing the bands at 453 my an were collected. ¢ 
of phenyl peropyrene, 

6, 4-4: req ° ion ig The colour in 
sulphuric acid was blue 

iffempte iza of phenyl perop Phenylperopyrene (100 mg) was added to a melt of 
aluminium chloride (5 g) an xdium chloride (1 g) at 120 , and the temp raised to 140° for 5 min 


4 sample showed that the starting n sterial bands at 453 my and 422 my were unchanged. The temp 
was then raised to 180—190° for 10 min, and the mixture decomposed Sublimation at 320 /O-1 mm 


gave a mixture which showed a strong band at 444 my, that ts of peropyrene, and a weaker one 
at 453 my, i.e. unchanged phenylperopyrene 

Dichloroperopyrene. This was the only product obtained from the reaction of peropyrene (III) 
with maleic anhydride and chloranil. Peropyrene 120 mg) was mixed with excess maleic anhydride 
(2 g) and chloranil (500 mg). The mixture was refluxed until the 444 my band of peropyrene (111) 
disappeared (1 2 hr) and was replaced by one at 452 mu. Hot nitrobenzene (50 ml) was added and 
the dark coloured crude product filtered off and washed (112 mg). It was insoluble in alkali 
Sublimation at 400°/0-1 mm, and recrystallization trom trichlorobenzene gave orange red needles 


(5 mg) m.p. 406-409 . (Found: C, 79-0, H, 3-1; CygH,,Cl, requires: C, 792, H, 3:5",) This 
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(1 g) and zinc chloride (5 ¢ 
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compound gave a positive Beilstein test for chlorine. Absorption spectrum Fig. The colour in 
conc sulphuric acid was blue 

4:4-’ Dibenzanthrenyl (V). 4:4-'Dibenzanthronyl* (5 g) and zinc dust (100 g) were refluxed in 
pyridine (500 ml). Dil acetic acid (80 °4, 250 ml) was added over 4 hr and the mixture boiled for a 
further 4 hr. The initially pink coloured mixture was almost colourless at the end of the reduction 
period. The reaction product was filtered off, zinc dust destroyed with conc acid, washed with water 
and dil ammonia and dried (3 g). The yellowish product was crystallized from xylene under carbon 
dioxide. 4:4’-dibenzanthrenyl forms yellowish needles, m.p. 352-354" (dec). (Found: C, 94 3; 
H, 5-4 requires: C, 94°8; H, Absorption spectrum Fig 

Dehydrogenation of 4:4'-dibenzanthrenyl (V). When 4:4’-dibenzanthreny] (V) was dissolved in 
xvlene and chloranil added the solution turned yellowish green and became deep blue on boiling the 
mixture. The intense colour faded on cooling and a yellow compound (VI) crystallized out. The 
thermochromic colour change could be obtained many times before the solution lost its capacity for 
colourization on heating Prolonged boiling (10 15 min) also destroyed the thermochromism, and 
the solution then showed the characteristically sharp bands of violanthrene (VII) at 4920, 4580, 
4280 A. Owing to its reactivity the hydrocarbon (VI) could not be obtained in analytical pure state. 
Dehydrogenation by heating 4:4 -dibenzanthrenyl in nitrobenzene also produced the reversible 
colour changes described above. When a trace of iodine was added to the nitrobenzene solution 
immediate conversion to violanthrene occurred 

1:2,11:12-Dibenzoperopyrene (X) and | 2,6:7-dibenzoperopyrene (1X) Mesobenzanthrone was 
condensed using phosphorus oxychloride as described by Campbell and Woodham The product 
was ground up with copper powder and sublimed at 350/0-1 mm to remove any traces of halogen. 
The sublimate (5 g) was extracted with xviene. The first fraction was found to be 4:5,11:12-dibenzo- 
peropyrene (VIII). Recrystallization from xylene and sublimation gave orange needles. (Found: 
C. 95-6: 4-6: cale for C,,H,.: C, 95:8; H, 4:2%,). The absorption spectrum was identical to that 
described in the literature® Fig. 5, m.p. 343-345", mixed m.p. with authentic sample 343-344 The 
colour in sulphuric acid was blue. The next most soluble isomer was another dibenzoperopyrene X or 


1X. This was recrystallized and sublimed giving golden brown needles, m.p 279 The colour in 


cone sulphuric acid was blue (Found: C, 95-8; H, 46 Cs,Hys. requires: C, 95:8; H, 42%) 


Absorption spectrum Fig. 4. A third dibenzoperopyrene \X or X was the last isomer soluble in 
xvlene. It was recrystallized and sublimed. (Found: C, 95-8; H, 42 C,,H,. requires: C, 95-8: 
H, 4:2°.). It crystallized from xylene in orange prisms, m.p 334-335 The colour in conc 
sulphuric acid was blue. Absorption spectrum Fig. 4 Violanthrene (VII, 1:2,9:10-dibenzopero- 
pyrene) remained as an insoluble residue from the extraction. It was purified by repeated extraction 
with xylene and sublimation. The absorption spectrum and m.p 480° confirmed the identification 

9 anthracene (XII) o-Bromotoluene 
(87:5 ¢) was added slowly to strips of lithium metal (7 g) suspended in dry ether (250 ml) in an 
atmosphere of nitrogen The reaction was started by heating the mixture gently, and the ether kept 
refluxing by the addition of more halide. The mixture was boiled for 2-3 hr and the ether replaced 
by benzene. 1,4-Dimethylanthraquinone (30g) was added as a benzene slurry The reaction 
mixture turned brick red initially and after refluxing under nitrogen (2-3 hr) became dark brown 
Decomposition with ice and dil acetic acid followed by steam distillation, and extraction with alkaline 
sodium dithionite (3 times) to remove unreacted quinone, gave the crude diol (35 g), m.p 234-236 
Recrystallization from benzene gave colourless needles, m.p. 244-246". (Found: C, 86-0; H, 6°4; 
Cy oH,,O, requires: C, 85-7; H, 6:7°%). The colour in sulphuric acid was brownish red 

1.4-Dimethyl-9,10-di-o-toluyl anthracene (X111). The diol XII (5 g) was added to a mixture of 
acetic acid (100 ml) and hydrogen iodide (55 ”,, 4 ml), and refluxed for | hr. The crude product (4 g) 
was sublimed at 180-200°/0-1 mm (3 g). Recrystallization from ethanol gave yellow needles, m.p 
170-172°. (Found: C, 93-3; H, 67; CoH» requires: C, 93-1; H, 6-9") The colour in sulphuric 
acid was brownish 

§:6,12:13-Dibenzoperopyrene (XI1V) 1,4-Dimethyl-9,10-di-o-toluyl anthracene (XIII, 500 mg) 
was sublimed slowly in an air-free carbon dioxide current over lumps of 15 % palladium charcoal, 
held at 400°. The product from this reaction was mostly unchanged starting material. When this was 
removed with benzene, a purple deposit of the dibenzoperopyrene was seen W hich was crystallized 
from methylnaphthalene to give a small amount (2-3 mg) of long, thin, shining green needles. The 
colour and appearance of these crystals and solutions were as described in the literature, as were 
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colour changes from blue to red in conc sulphuric acid 
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For the absorption spectrum see Fig. 6. 


The temp of 400° was shown to be the minimum necessary and at this temp the palladium charcoal 


catalyst quickly became deactivated 
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TRIPTYCEN AUS DEHYDROBENZOL UND ANTHRACEN 


G. WittTiGc und E. BENZ 


Chemisches Institut der Universitat Heidelberg 
(Received 29 January 1960) 


Abstract—Lithium hexaphenyl antimonide, LiSb(C,H;),, dissociates reversibly to a very small 
extent into pentaphenyl antimony and phenyl lithium. This equilibrium allows the use of phenyl 
23 


lithium in extremely high dilution. By this means triptycen could be prepared in 23 per cent yield 


starting from the “‘at-complex”’, fluorobenzene and anthracene 


Zusammenfassung—Der nur geringfiigige Zerfall des Lithium-hexaphenyl-antimonats zu Penta- 
phenylantimon und Phenyl-lithium im reversiblen Gleichgewicht gestattet es, Phenyl-lithium in 
minimaler Konzentration—vgemiass dem Verdiinnungsprinzip einzusetzen. Unter diesen Bedin- 
gungen liess sich im “Eintopfverfahren” aus dem at-Komplex, Fluorbenzol und Anthracen Triptycen 


in 23 proz. Ausbeute gewinnen 


Wirtic! [Naturwissenschaften 30, 697 (1942)] teilte mit: “‘Im anionisierten Fluorbenzol 
kann sich nun das Fluoranion mit seinem stabilen Oktett (zum Unterschied vom 
Methoxyl im Anisol) heteropolar ablésen und mit einem weiteren Molekiill Phenyl- 
lithium das anionische Diphenyl bilden, das mit den vorhandenen Lithium-ionen 


o-Lithium-diphenyl liefert: 


Und weiter 8.700: “Das unterschiedliche Verhalten der aromatischen und 
olefinischen Halogenide (bei ihrer Anionisierung) diirfte darauf zuriickzufiihren sein, 


dass das intermedidr entstehende Zwitterion R—C=—C—R in der olefinischen Reihe 


1 Dieses Zitat erscheint nicht iiberfliissig als Erganzung zu den jiingst erschienenen Artikeln von R. Huisgen, 
Theoretical Organic Chemistry, The Kekulé Symposium §$.158. London (1959) und von V. Franzen, 
Chemiker-Ztg. 1, 3 (1960). Siehe auch G. Wittig, Angew. Chem. 66, 11 (1954) 
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sofort zum Acetylenderivat stabilisiert wird, wahrend das aromatische Zwitterion die 
entsprechende Unwandlung zum Dehydrobenzol: 


H 


4 


nicht vollzichen kann und den Ladungsausgleich auf anderem Wege sucht.” Diese 


Uberlegungen sind das Fazit von Untersuchungen, die seit 1938 mit einer Reihe von 


Mitarbeitern an metallierten Benzol- und Olefin-Derivaten durchgeftihrt und publi- 
ziert wurden." 

Nach dem damaligen Stand der Resultate wurde zwar das intermediadre Auftreten 
von Dehydrobenzol als Zwifterion postuliert, aber der Beweis fiir eine Symmetri- 
sierung der dipolaren “Arinbildung” konnte nicht erbracht werden. Gewichtige, wenn 
auch in ihrer Beweiskraft nicht bindende Argumente zur Existenz kurzlebiger Dehy- 
drobenzol-Molekiile fanden spater in ausgezeichneten Arbeiten unabhangig von- 
einander Roberts und Huisgen*® Da die Operationen in Lésung durchgefiihrt 
wurden, konnte insbesondere eine Komplexbildung zwischen vorhandenen Neutral- 
salzen und Dehydrobenzol nicht ausgeschlossen werden.' Es erscheint daher notwen- 
dig, Dehydrobenzol als Gas—also im nackten Zustand—zu praparieren, worauf 
unsere im Gang befindlichen Untersuchungen abgestellt sind. 

Auch die von Wittig und Mitarbeitern® nachgewiesenen Anlagerungen von 
Dehvdrobenzol an cvclische und auch acyclische Diene® zu wohldefinierten Produkten 


wie z.B 


erscheinen uns nicht streng beweisend fiir ein kurzlebiges Intermediirprodukt sel es 
als dipolares oder seine beiden 7-Elektronen schwach tiberlappendes Gebilde.* 

Wir haben daher das dienophile Verhalten von Dehvydrobenzol auf breiterer Basis 

in der Erwartung. hierbei auf einen eindeutigen Sachverhalt zu stossen. Im 

Arbeiten gelang u.a. die Synthese des /riptycens (1),.’ das von Bartlett und 

erstmalig auf anderem Wege synthetisiert worden wat! Aus o-Fluor- 

nzol und Maenesium in Tetrahydrofuran in Anwesenheit von Anthracen 

man den Kohlenwasserstoff | in 28 proz. Ausbeuie (bezogen aul o-Fluor- 


brombenzol) 


H. Droge ‘ Dis Chem. Ge 71. 1903 (1938) 
nv. M. ¢ ( aseri u Roberts, Experientia 14, 349 (1958) 
23, 27 (195)) 

Zusammenfassung vo tt gew. Chem. 68, 245 (195 
tig u urr, ul cnt 
G. Wittig u. R. Ludwig, Angew. Chem. 68, 40 (1956); Organic Syntheses Vol. 39, p. 75. McGraw-Hill, 
New York (1959) 
“J. Amer. Chem. Soc. 64, 2649 (1942) 
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Im Bestreben, das schwerer zugiangliche o-Fluor-brombenzol durch Fluorbenzol zu 
ersetzen, da dieses nach unseren Untersuchungen® bei Einwirkung von Phenyl-lithium 
ebenfalls in einer eliminierenden Substitution in Dehydrobenzol iibergeht, wurde ein 
positives Resultat erzielt, als man zu einer Tetrahydrofuran-Lésung von Anthracen 
und iiberschiissigem Fluorbenzol im Laufe von 7 Stunden eine dem K ohlenwasserstoff 
dquivalente Menge Butyl-lithium zufiihrte. Man isolierte I in einer Ausbeute von 
10 Proz.” 

Dem hierbei angewandten Verdiinnungsprinzip wird nun auch die folgende 
Variante gerecht. Wir hatten vor Jahren beobachtet,'! dass metallorganische Komp- 
lexsalze eine unterschiedliche Stabilitat besitzen, die durch ihr Zerfallsgleichgewicht: 


[((C,H;),Z)]Li <— (C,H;),,_,Z + 


gekennzeichnet ist. Ein Indizium fiir ihre Zerfallstendenz liefert u.a. das Verhalten 
der at-Komplexe™ gegeniiber Fluoren in Ather, das z.B. von Lithium-tetraphenyl- 
borat oder Lithium-triphenyl-beryllat iberhaupt nicht angegriffen wird, wahrend 
z.B. Il im Laufe von 3 Tagen Fluoren in dass orangefarbene Metallierungsprodukt 


umwandelt: 


das bei der nachfolgenden Carboxylierung 64 Proz. Diphenylenessigsdure bildete. 


Der gleiche Test auf die Bestindigkeit des Lithium-hexaphe nyl-antimonats (111) 


fiihrte zu dem Resultat, dass auch dieser isolierbare at-Komplex eine schwache 


Dissoziation in seine Addenden zeigt 
((C,H,).Sb]Li <— (C,H,),Sb + C,H,-Li 


Eine dtherische Lésung von Fluoren nahm beim 15-stiindigen Schiitteln mit dem 
schwerléslichen Antimonat III eine gelbe Farbe an, wonach durch Carboxylierung 
12-5 Proz. Diphenylen-essigsdure erhalten wurden 

Da Pentaphenylantimon als Zerfallsprodukt Halogenbenzole nicht angreift, 
erschien II] besonders geeignet, Phenyl-lithium in grosser Verdiinnung zu liefern. 
Das ist in der Tat der Fall. Als man im “Eintopfverfahren” III mit Fluorbenzol und 
Anthracen in Tetrahydrofuran auf 100° erhitzte, konnte Triptycen (1) in 23 proz. 
Reinausbeute (bezogen auf den at-Komplex) isoliert werden. Es steht zu erwarten, 
dass sich die Ausbeuten namentlich bei Variation der at-Komplexe und der Sol- 
ventien noch steigern lassen 

Das neue Prinzip, metallorganische Komplexsalze als Lieferanten fiir Phenyl- 
lithium in grosser Verdiinnung einzusetzen, diirfte auch fiir andersartige Umset- 
zungen von Nutzen sein. Auch fir die Kinetik der zum Dehydrobenzol fiihrenden 
*G. Wittig, G. Pieper u. G. Fuhrmann, Ber. Disch. Chem. Ges 73, 1193 (1940). 
1° G. Wittig u. E. Benz, Angew. Chem. 70, 166 (1958) 
1. G. Wittig, F. J. Meyer u. G. Lange, Liebigs Ann. $71, 171 (1951); G. Wittig, Angew. Chem. 62, 231 (1950). 


12 Zur Definition der at-Komplexe s. G. Wittig, Angew. Chem. 70, 67 (1958). 
BG Wittig u. K. Clauss. Liebies Ann. 577, 28 (1952) 
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eliminierenden Substitution wird es eine neue Basis schaffen, da die Méglichkeit 
vegeben ist. die Konzentration des metallorganischen Reagenzes—z.B. unter Penta- 


phenylantimon-Zusatz nicht nur niedrig, sondern auch stationar zu halten 
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Abstract imple molecu rbital calculations « he 7 ectron energies and bond orders in the 


line dibet 1 the cis-dibenzodipheny (Il) are s nt to w that the 


re man C rey | ceeds that of Il by ab t4 ccal/mole Similar conc ions follow from 


the bor ! ntral cyclobutadiene-like ring 


A NUMBER of derivatives of diphenylene(II]) have been synthesized:'* of these, 
2:3,6:7 dibenzodiphenylene(1) and 1:2,7:8 dibenzodiphenylene(Il) are of consider- 
able interest because of the great difference they exhibit in their properties, as empha- 
sized in a recent note by Curtiss.’ I is very highmelting and exceedingly stable 
(unchanged on sublimation at 350°) whereas II decomposes easily and behaves as a 


highly unsaturated compound 


Both of these molecules are derived from diphenylene(IIl) by benzenoid annel- 
lation, but they may equal e regarded as derived from the hypothetical cyclo- 
butadiene by annellation o naphthalene systems in the 2:3- and 1:2-positions 
respectively. The greater stability of I as compared with II must be related to the 
electron distribution in the region of this central cyclobutadiene-like ring. For 
cyclobutadiene* is not stable in a totally aromatic (i.e. square) configuration, and 
tends to distort in such a way as to favour a Kekule structure such as or — 
would follow from this that if the naphthalene regions in I and II took up the pre- 
dominant Kekule bond diagrams. as shown in the figure, then in II we should have a 
situation in which the bonds labelled A and C would inevitably be weak, and where 
we might expect a lower stability than in | where none of the z-electron influences 

F. Curtiss and G. Viswanath, J. Chem. Soc. 1670 (1959) 

va and J. F. Stucker, J. Amer. Chem. Soc. 77, 6022 (1955) 


urtiss, J. Chem. So 1650 (1959) 
oulson, Chemical Socte Symposia. Special Publication No. 12, p. 85 Bristol (1958). 
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responsible for the instability of cyclobutadiene would arise. We might even argue 
that II had a locally pseudo-aromatic structure, using the terminology introduced by 
Craig,’ and would therefore be expected to be unstable and unconjugated by analogy. 
Recently. Baker ef a/.° have shown that the chemical reactivity of diphenylene can be 
well understood in conjunction with simple molecular-orbital theory, if it is assumed 
that the most important contributing structure in diphenylene is that shown in ill 
Now the bond structures drawn in I and II are extreme, and no one suggests that the 
double-bonds are strictly localized in this way. But it should be possible to calculate 
the bond orders in | and II, and see whether the explanation which we have suggested 
for the difference between these molecules, 1s correct 

We have used the standard simple molecular-orbital theory, of Hiickel type, with 
no inclusion of overlap integrals and with the assumption that all Coulomb (1.e 
electronegativity) terms have the same value x. Since, however, our concern 1s with 
the differences in bond order, it 1s important to allow for variable resonance integrals 
} Without including some sort of dependence of /,, on bond length, no self-con- 
Lennard-Jones’ used a Hooke-law potential function But, 


sistence is possible 


partly through an inadequate knowledge of the way in which the radius of a carbon 


atom depends on the type of a-hybridization, his predicted bond lengths were not 
entirely satisfactory. We have therefore preferred to use the functional form suggested 


by Loneuet-Higgins and Salem* in their discussion of long cyclic and straight polyenes ; 
Be (1) 


where a — 0-3106 A, and /(1-40 A) ey 25-56 kcal/mole. Similarly, for the 


dependence of bond length / on 7-bond order p, we used the linear relation 
(1-50 — O-15p) A (2) 


though recent studies on ethylene, where p |, suggest that the factor 0-15p could 
more properly be replaced by 0 l6p, and I-51 ts probably closer to the truth than 
1-50. However, these are small points, which will not materially affect our conclusions 
The forms (1) and (2) are such that the correct bond length and breathing-frequency are 
predicted for the case of benzene. Bond orders p are calculated according to the 
standard formula of Coulson.’ 

In order to obtain self-consistency, we want the calculated bond orders to lead, 
via (2) and (1). to molecular orbitals from which the original bond orders are now 
retrieved. This is achieved by an iterative procedure. First, we set all / fp. and 
compute the molecular orbitals and bond orders p These lead to new /-values 
which must now be used to obtain improved bond orders, etc The process is con- 
tinued until further iterations make effectively no difference in computed bond orders 
and bond lengths. For | and III the starting values were available from the cal- 
culations of Crawford” and the Dictionary of Molecular Constants compiled by 
Coulson and Daudel. As might be expected, the effect of the various iterations 1s to 

D. P. Craig. J. Chem. Soc. 3175 (1951) 
*W. Baker. J. F. W. McOmie, D. R. Preston and V. Rogers, J. Chem. So« 414 (1960) 
7 J. E. Lennard-Jones, Proc. Roy. Soc. A 158, 280 (1937) 
* H.C. Longuet-Higgins and L. Salem, Proc. Roy. Soc. A 251, 172 (1959) 


*C. A. Coulson, Proc. Roy. Soc. A 169, 413 (1939) 
1 VY. A. Crawford. Canad. J. Chem. 47 (1952); See also M. A. Silva and B. Pullman, ¢ R. Acad. Sci., 


Paris 242, 1888 (1956) 
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increase the bond order of those bonds which are already fairly high, and to decrease 
those which are low. It is known, from much work on butadiene, that this improves 
the agreement with experiment. 

Bond orders obtained for I, Il and III by this self-consistent scheme are given in 
Table 1. The labelling of the bonds is as in the diagrams. Table 2 shows the total 


energies of I and II. 


TABLE |. FINAL BOND ORDERS AND LENGTHS (A) 


Molecule | Molecule II Molecule III 


Bond 
7-Bond order Length 7-Bond order Length 7-Bond order Length 


1-459 0-205 469 219 467 
1-429 0-655 402 

1-387 0-171 474 

1-424 0-631 405 

1-416 0-688 397 

1-390 0-581 

1-412 0-520 

1-418 0-763 


0-551 


TABLE 2. TOTAL 7-ELECTRON ENERGI 


Molecule | 20% 
Molecule II 20x 27-138), 


Difference 0-169), 


An indication of the rate of convergence of the calculated bond orders may be 
obtained by considering the highest and lowest bond orders in molecule I. These are 


bonds C and A respectively. Here successive integrations yield: 
Bond C: 0-722, 0-750, 0-755, 0-75 


Bond A: 0°316, 0:279, 0-274, 0-273 


A glance at the tables shows that the central ring is described by the diagrams 


below: 


Thus the degree of double-bond fixation increases in the sequence 


Molecule I < Molecule Ill Molecule II. 


2 
— 
A 0 27 
( 0-75 
0-506 
0-733 
co7 
G 0-58 
J 0-764 1-385 
K 0-518 1-422 
I 0-579 1-413 
4 
0 
0273 0205 219 
0 472 0655 0-655 572 0572 
TTT 
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But this corresponds exactly with the sequence of stability of these molecules, the 
greater the degree of bond fixation, the less the extent of conjugation and the lower the 


stability. Another way of putting this 1s to notice that the extra benzenoid annel- 


lation of diphenylene lowers the bond orders of the two connecting bonds in II, but 
increases them in I. It is not surprising that the resonance energy of I exceeds that of 


II by 0-169f8, = 4-3 kcal/mole 
It is possible that the difference in stability may be greater than that arising from 
this difference in resonance energy. For, although the products of decomposition of 


II have not been described and we cannot therefore discuss any probable transition 


State, it seems very plausible that II would tend to split across bond C to give a di-x- 


naphthyl system, or across both A and C to give two separate naphthalenes. Now if 


we use the simple perturbation theory as developed by Coulson and I onguet-Higgins," 


the energy required to break bond C in II is 0-171 2 * corresponding resonance 


integral (0-788 


()-269 


The corresponding energy in | is 0-237 0-827) 


0-451 


The difference between these two is 0-182), 4:7 kcal/mole. Alternatively, if we 
break both A and C in II and the corresponding bonds in I, the difference 1s 


0-9038,, — 0-5988,, = 7-8 kcal/mole. Either of these values, in addition to the larger 


resonance energy of 4-3 kcal/mole possessed by I. is sufficient to account for the much 


greater observed stability of I as compared with Il 
{ck the Oxford University Computing 
vectors Of the secular matrices arising in 
of M. A. A.) acknowledges the award of 
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Abstract—From the trunk bark of Melia azadirachta Linn. have been isolated a branched chain 
paraffin alcohol, C,,H;,O, nimbosterol, sugiol (I, R H) and a new ketophenol, nimbiol having 
the molecular formula, C,;,H.,O.. Nimbosterol has been identified as /-sitosterol and nimbiol has 
been shown to possess the structure (II, R H). The biogenetic considerations for the possible 


formation of sugiol and nimbiol in the same plant have also been discussed 


Melia azadirachta Linn. syn. Azadirachta indica Juss (Sanskrit: Nimba) commonly 
known as “neem” or Indian Lilac is an evergreen tree, usually 40-50 ft in height, 
belonging to the Meliaceae family. The bark, leaves and fruits have been used in the 
Ayurvedic system of medicine from very ancient times and are mentioned in most 
of the ancient Sanskrit medicinal literatures like Susrutasanhita. So much is its 
popularity as a medicinal plant that almost every house in many parts of rural India 
has a neem tree in the compound. The bark is regarded as bitter, tonic, astringent and 
useful in fever, thirst, nausea, vomiting and skin diseases.’ The earlier chemical work 
on the different parts of the tree are contradictory and inconclusive. The systematic 
investigations on the tree were for the first time carried out by Siddiqui et a/.**~’, who 
isolated besides the amorphous bitter principles, nimbidin and nimbidol, two crystal- 
line bitter principles, nimbin and nimbinin, a nonacosane, a sterol named as nim- 
bosterol, a flavone named as nimbicetin and a glucoside of nimbosterol named as 
nimbosterin. The flavonoid constituents of neem were identified by Pankajamani 
and Seshadri* and neem gum was investigated by Mukherjee and Srivastava.* 

From the trunk bark of neem Siddiqui et a/.**’ isolated besides the amorphous 
bitter principle, nimbidin, the crystalline compounds, nimbin, nimbinin and nimbos- 
terol. The method of these workers included the percolation of the bark with ethyl 
alcohol followed by the partition of the extract between petroleum ether and 80 per 
cent ethyl alcohol. The petroleum ether layer yielded nimbosterol, m.p. 137°. The 


ethanolic layer yielded nimbidin, nimbinin and nimbin. Because of the medicinal 


importance of the trunk bark, we undertook a systematic investigation of it and follow- 
ing a different method of extraction were able to isolate® three more crystalline 


' For a review of the chemical and pharmacological studies with different parts of the tree up to the year 1949 
see R. N. Chopra, I. C. Chopra, K. L. Handa and L. D. Kapur, /ndigenous Drugs of India pp. 360-363 
U. N. Dhur & Sons Private Ltd., Calcutta, India (1958) 

24S. Siddiqui, Curr. Sci. 11, 278 (1942); ° C. Mitra and S. Siddiqui, /bid. 17, 51 (1948); °J. Sci. & Ind 
Res. India 4, 5 (1945); C. Mitra, P. N. Rao, S. Bhattacharji and S. Siddiqui, /bid. 6B, 19 (1947); 
* S. Siddiqui, C. Mitra and S. Bhattacharji, /bid. 8B, 188 (1949); 4 Ibid. 12B, 154 (1953); % C. Mitra, 
P. N. Rao and §. Siddiqui, /bid. 12B, 152 (1953) 

* K. S. Pankajamani and T. R. Seshadri, Proc. Indian Acad. Sci. 36A, 157 (1952). 

*S. Mukherjee and H. C. Srivastava, J. Amer. Chem. Soc. 77, 422 (1955). 

° The isolation of these compounds were reported in a short communication, P. Sengupta, $. N. Choudhuri 
and H. N. Khastgir, Chem. & Ind. 861 (1958) 
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substances besides nimbosterol. The isolation procedure employed consisted in 
extracting the bark with benzene and separating the benzene extract into (a) a neutral 
fraction and (b) a sodium hydroxide soluble fraction. 

The neutral fraction (a) was partitioned between petroleum ether and aqueous 
methanol.* The oily residue from the petroleum ether extract was saponified with 
methanolic potassium hydroxide and the unsaponifiable material on chromatography 
over alumina afforded two crystalline solids. The first solid that was eluted from the 
column with a mixture of petroleum ether and benzene (7 : 3) melted at 82-83", 
[x],, + 7°8°. The compound did not show any maxima or any end absorption in the 
ultra-violet absorption spectra, thus establishing that it was completely saturated. 
The molecular formula, C,,H,,O, the hydroxyl peak at 2-9 « in the infra-red spectra 


and the optical activity indicated that this compound ts a branched chain paraffin 


alcohol having an asymmetric centre 
The second solid from the chromatogram which was eluted with benzene melted 
at 136-137°, [a], —37-6°. On acetylation it formed an acetate, m.p. 129-130". The 
melting points of the alcohol and the acetate were not depressed when mixed with 
authentic specimens ol }-sitosterol and its acetate respectively. Siddiqui ef al.* 
isolated nimbosterol from the same unsaponifiable fraction and assigned™ the 
molecular formula, C,,H,,O to it. Nevertheless the melting point of nimbosterol 
(137°) and its acetate (128°) suggested that nimbosterol was the /-sitosterol isolated by 
Almost simultaneously, Brochere-Ferreol et al.’ arrived at the same conclusion 
The sodium hydroxide soluble fraction (b) reported above was freed from any 
acidic material by washing with sodium carbonate solution and the phenolic fraction 
of the bark thus obtained was chromatographed overt acid washed alumina. The 
first crystalline solid eluted from the column was found to be identical with sugiol or 
7-ketoferruginol (1, R H).** It may be pointed out however that it is for the first 
time that sugiol has been isolated from a member of the Meliaceae family. So far the 
occurrence of sugiol has been reported only in several Coniferous species 
The second solid that immediately followed sugiol in the above chromatogram 
has been assigned the name Nimbiol by us. It melted at 250-251", [x]) +32°3° and 
the elementary analysis corresponded” to the molecular formula C,.H,,O,. The 
infra-red spectra of nimbiol exhibited peaks at 3-05 yu and 6-03 yw indicating the presence 
of a phenolic hydroxyl group and a conjug ited ketonic carbonyl group respectively 
Ihe phenolic nature of nimbiol was exhibited by its solubility in 10 per cent cold 
sodium hydroxide solution although it failed to give colour with alcoholic ferric 
chloride solution. Further nimbiol formed a monomethyl ether, C,gH.O,, m.p. 
142-143° and a monoacetate, C,,H,,O,, m.p. 111-112 The infra-red spectra of 
nimbiol acetate showed the absence of the hydroxyl peak of nimbiol but showed peaks 
at 5-69 uw and 8-4 uw (phenolic acetate) and 5-97 u (conjugated ketone) The presence of 
a carbonyl function in nimbiol was further demonstrated by the formation of a 
semicarbazone, m.p. 208-210" of nimbiol methyl ether. The presence of an aromatic 
* Nimbin was isolated from the methanolic layer of the partition, the details of which will be published in a 
separate communication. See also P. Sengupta, 5 K. Sengupta and H. N. Khastgir Chem. & Ind. 1402 
(1958): 397 and 1194 (1959) 
G. Brochere-Ferrcol. J. Polonsky and C. Mitra, C.R. Acad, Sci Paris 246, ¥O82 (1958) 
1. Simonsen. The Terpenes Vol. U1, p. 359. University Press, Cambridge (1952) 
'C. W. Brandt and B. R. Thomas, J. Chem. Soc. 2442 (1952) New Zealand J. Sci. Technol. 33B, No. |, 


(1951) 
S. N. Choudhuri, H. N. Khastgir and P. Sengupta, Chem. & Ind. 634 (1959). 
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nucleus in nimbiol was indicated by the peaks at 6°25, 6-35 and 6-7 yu in the infra-red 
spectra of nimbiol. 

The presence of p-hydroxyphenylketone moiety in nimbiol, as is present in sugiol 
was indicated by the ultra-violet absorption spectra of nimbiol, which in neutral 
alcoholic solution exhibited maxima at 231 mu and 286 mu. The spectra in 0-1 N 
NaOH in alcohol exhibited maxima at 251 my and 344 my. We have observed that 


OR 
Me 


CHart 
sugiol in 0-1 N NaOH in alcohol exhibited maxima at 25! mu and 346 mu in the 
ultra-violet region. The ultra-violet absorption spectra of nimbiol acetate showed 
maxima at 257 mu and 294 mu in neutral alcoholic solution. Further that the car- 
bonyl group of nimbiol is present in conjugation with the aromatic nucleus was 
demonstrated by the fact that on hydrogenation in presence of palladium charcoal 
catalyst and perchloric acid"' nimbiol acetate smoothly took up two mole equivalents 
of hydrogen and afforded deoxonimbiol acetate, C,)H,,O,, m.p. 102-103". The latter 
showed absorption maxima in the ultra-violet at 268 mu and 277 mu showing the 
presence of a substituted phenyl acetate type of chromophore [he infra-red spectra 
showed the acetate peak at 5-71 and 8-3 « and the absence of the conjugated carbonyl 
peak. When nimbiol or its acetate was shaken in an atmosphere of hydrogen in 
presence of palladium charcoal catalyst without the addition of perchloric acid, there 


was no appreciable uptake of hydrogen. Evidently nimbiol is devoid of any isolated 


ethylenic linkage. On the basis of the foregoing experiment coupled with the obser- 


vations made so far, it may be deduced that nimbiol is tricyclic 

Hydrolysis of deoxonimbiol acetate with methanolic potassium hydroxide furnished 
deoxonimbiol as a resinous mass, which resisted all attempts at crystallization. The 
ultra-violet absorption spectra of deoxonimbiol exhibited maxima at 283 my 


“ K. W. Rosenmund, E. Karg and F. K. Marcus, Ber. Dtsch. Chem. Ges. T5B, 1850 (1942) 
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indicating that a phenol has been generated. Deoxonimbiol on reacetylation yielded 
deoxonimbiol acetate, m.p. 102-103 Nimbiol on Clemmensen reduction also gave 
deoxonimbiol, identified as its acetate. It is interesting to point out here that deoxo- 


nimbiol was very slightly soluble in aqueous alkali like the diterpene phenols, fer- 


ruginol and totarol and in contrast to its parent compound, nimbiol which was fairly 


readily soluble in dilute alkali. 

Finally the interesting compounds obtained by the selenium dehydrogenation of 
deoxonimbiol under varying conditions gave a clear insight into the structure of 
nimbiol. On mild dehydrogenation deoxonimbiol gave a phenolic compound, C,;H,,O, 
m.p 147-148" (monomethyl ether, m.p. 145-146) whose ultra-violet absorption 


spectra strongly indicated 


that it was a tetrahydre phenanthrol derivative. On more 
drastic dehydrogenation, in addition to the above tetrahydrophenanthrol, a tetra- 
hydrophenanthrene, ¢ n.p.82— 83° and a new phenanthrol, C,,H,,O, m.p. 
189-190° (monomethy!l ether 119-120°) were isolated. The ultra-violet absorption 
spectra of this phenanthrol was identical with those of |-methyl-6-hydroxyphenan- 
threne, prepared from podocarpi acid."* Thus it seemed to us that this phenanthrol, 
m.p. 189 190° was a dimethylphenanthrol. Our assumption was found to be quite 
yrrect, Su till more drastic dehydrogenation, deoxonimbiol gave pimanthrene 


the phenanthrol, m.p. 189-190 
when mixed with an authentic 


p. 130-131 did not depress the 


1 dehydrogenation experiments led us to envisage 
structure related to tricyclic diterpenes The 
phenanthrol, m.p. 189-190" was | ]-di- 
ormation of which is conceivable 1f 

structures VI. VII or VILL. But the structure VII 
-tetrahydrophenanthrol which evidently 
tetrahydrophenanthrene, which has the 
tructures, VI and VIII, we preict 

nol (1, H) in the same 

her and sugiol methyl! ether 

also as a strong evidence 

lispersi n data established 

f sugiol. The absolute 


he structure II (R Hj) 


This conclusion was further 


discovered that chromic acid oxidation could be employed 


| in elucidating the nature o xe A/B ring juncture of a mono- 


tricarbocyclic diterpene system observed that all trans A/B 
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4,4-disubstituted hydrophenanthrenes of the type LX on oxidation with chromic acid 
invariably yielded 7-keto derivatives, w hereas those possessing A/B cis ring juncture 
gave the 6,7-diketo compounds. By using the above method Ghatak" assigned the 
correct stereochemistry to his synthetic desoxypodocarpic acids. In the present study, 
we exposed deoxonimbiol acetate (il, R CO-Me) to the action of chromic acid 
and from the reaction product could isolate only nimbiol. This fact was in conformity 
with the structure II (R H) for nimbiol. ; 


Cuart Il, 


We observed further that neither sugiol methyl ether nor nimbiol methyl ether 
(li, R Me) could be condensed with ethyl formate or furfural in presence of base, 
which could be explained by the fact that the equatorial methyl group at C, strongly 
hindered positon 6, since the A/B ring juncture was frans in both these compounds. 

The occurrence of sugiol and nimbiol in the same plant is very interesting from the 


biogenetic point of view 17 It seems to us that both sugiol and nimbiol could have been 


formed from a hypothetical pimaric acid type intermediate X. Nimbiol and sugiol 
might have been formed along Route A and Route B respectively as shown in 


Chart III on page 50. 
EXPERIMENTAI 


The petroleum ether used throughout the investigation had b.p. 60-80". 


Examination of the Neutral Fraction of the Trunk Bark of Melia azadirachta Linn 


Isolation of the parafyin alcohol, C.,H and [-Sitosterol 

1 Kg dried and powdered trunk bark of M. azadirachta Linn. was extracted in a Soxhlet with 
benzene for 30 hr. The resinous mass (25 g) on removal of benzene, was taken up in ether and washed 
with cold 5 NaOH (4 100 cc), then with water and dried (Na,SO,) The neutral material 
(8 g) after removal of ether was dissolved in pet ether (200 cc) and extracted several times with 80% 
aqueous methanol (total 200 cc). The dark residue (5-5 g) after evaporation of pet. ether layer was 
saponified by refluxing for 6 hr with KOH (5 g), methanol (90 cc) and water (10 cc). The ether 
extract vielded a gummy material (2-5 g). This was chromatographed (alumina, 60 g) and pet. ether 
16 LU. R. Ghatak, Tetrahedron Letters No. 1, 19 (1959) 
17 For a general scheme for the biogenesis of diterpenes see E. Wenkert and J. W. Chamberlin, J. Amer. 

i 
Chem. Soc. $1, 688 (1959) 
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and benzene (7 : 3) eluted a crystalline solid (0°35 g), m.p 70-74, while benzene cluted a second 
crystalline so 125-130 
The crystalline solids 2), n 70-74 in the above chromato- 


the parafi (0-09 @). m.p R783 [x], 


H,,O requit 9: H, 1422 Mol. wt 


nd dsorpl on 


LR. 


Cuart Ill 


benzene in the above 


ind acetic anhydride 
m.p 129-130 


acetate. (Found: C, 82-06: 


f the Phenolic Fraction of the Trunk Bark of 1 azadirachta Linn 


H) an / ni 
xtracted with benzene. The residue 
200 cc). This solution after acidification 
5° Na.CO,, then with water, and 
12-5 g) was chromat graphed over alumina (400 g, 
acid) Elution wit! nzene gave crystalline solids 


mixture of benzene and ether (9:1) gave a second 
solids (0-52 g), m.p. 260 280° in the above chromatogram 
were crystallized m methanol, yielding sugiol (0-25 g, 0-007 yield on dried trunk bark ,m Pp 
292.294 ported” n ‘ [a] 26° (EtOH). (Found: C, 80-44; H, 9°36. Calc. for 
H, Mol. wt., Found (Rast), 312. Calc., 300 
U_V. (95° EtOH) Ama > mu (log E 4-19) and 284 mu (log E 4:12) (0-1 N NaOH in EtOH) /mas 
251 mu (log E 3-53) and 346 mu (log E 4-41) 


LR. (KBr disk) Peaks at 3-2 « and 6 osm 


Sugiol methyl ether (1, R Me) 


(a) To a warm solution of sugiol (0-09 g) in methanol (0-15 cc) and 10% NaOH (0°16 cc) was 
added dimethyl sulphate (0-04 cc) and the reaction mixture shaken vigorously, cooled and poured 


a: 
fea 
ve 
: gram after crystallization from cycionexane fa 
Found (Rast), 375. Cale., 58 
sae 9 
) vie 
° 
M 
4 
’ 
is (0-45 g), mp. 125-130° eluted with 
-Sifost The cry sonds (U°4) é ciuted wit 
hromatogra ryst red met vielding tosterol (0-04 g), m.p. 136 137°, [alp 
317-6 (CH¢ cle wit in authentK mpile ol sitostero 
Su fate S tere (i) 6 7) was ace viated pvt dine (2 cc) 
and ti 7 24-125 crvysta rea, fron nethanol i 
2 cc) and cela i d 
[x], —38° (CHE vas identical with an authentic sample of /-sitostero| is 
<7 14 
H. 11:24. Cale. for C,,H,,O,: C, 81-52; H, 11-48",) ; 
Isolation of sug a, R 
3-6 Ke dried and pow 
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d 
dee 
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into water. The methyl ether (0-05 g) crystallized from methanol, m.p. 137-138° (Lit.** m.p. 138-139") 
[a], +37°4° (CHCI,). (Found: C, 80-00; H. 9-60. Calc. for C, 80-21; H, 962%). 
U.V. (95° EtOH) Amax 231 me (log E 4-29) and 280 my (log E 4-18) 


(b) A mixture of sugiol (0-32 g), dry acetone (25 cc), anhydrous potassium carbonate (2 g) and 
dimethyl! sulphate (1-5 cc) was refluxed for 5 hr, cooled and poured into cold water. Cry stallization 
from methanol gave methyl ether (0-25 g), m.p 137—138 : 

Sugviol acetate (1, R CO-Me). Sugiol (0-11 g) was acetylated with pyridine (2 cc) and acetic 


anhvdride (2 cc) and the acetate crystallized from methanol (0-05 g), m.p. 164-165" (Lit m.p. 


165-—167°) 
Suviol benzoate (1, R CO-C,H;). Sugiol (0-24 g), pyridine ( 3 cc) and benzoyl chloride (0-24 cc) 


gave suviol benzoate (0-08 g), m.p. 184° (Lit.” m.p 185—186°) 
| | 


Nimbiol (1, R H). The second crystalline solids (0-82 g), m.p. 230 238° eluted with benzene 


ether (9 : 1) in the above chromatogram on crystallization from benzene and then from methanol 


vielded nimbiol (0-42 g, 0-011 yield on dried bark), m.] 245~247°. Purification gave the analytical 
sample, m.p. 250 251 32:3° (CHCI,). (Found: C, 79°14; H, 8°88. C,.H.sO, requires: 


C. 79:37: H, 888°). Mol. wt., Found (Rast), 280. Calc., 2/72 


(95°. EtOH) / my« (log E 4-07) and 286 my (log E 4-06) (0-1 N NaOH in EtOH) Amax 
my (log f 44 mu (log E 4:33) 
IR. (CHCI,) Peaks at 3 (phenolic hydroxyl), 6°03 (conjugated ketone) and 6°25, 6:35 and 
6-7 « (aromatic nucleus) 
Nimbiol acetate (Il, R CO-Me). A solution of nimbiol (1-46 g) in pyridine (15 cc) and acetic 


l ited on the steam bath for 4 hr e crude acetate m.p. 100—-103° was 


lride (15 cc) was heate | 
nol (0 m.p. 111-112", 22-6° (CHCI.). (Found: C, 


anhyc 

crystallized from aqueous meti 
$0: H. 8-70. requires: C, 76°40; H, 8 

UV. (95 EtOH) Amax 257 my (los 4-09) and 294 mu (log E 3-41) 


1.R. (CHCI.) Peaks at 5-97 (conjugated carbony!) ind 5-69 and 8-4 (phenolic acetate) 


Hydrol of nimbiol acetate: regeneration of nimbiol. Ni nbiol acetate (0-1 ¢) was refluxed with 
5 methanolic KOH (2 cc) for hr and extracted with The aqueous alkaline solution on 


acidification with dil. HC] gave nimbiol, m.p 244 
Nimbiol methyl ether (1, R Me) 
lution of nimbiol (0-5 g NaOH (1 cc) dimethyl sulphate (0 5 cc) was 


(a) To a warm sol 
added with shaking. The ether extract was washed NaOh, and water and dried 
m.p. 142-143", [a]p 43-7° (CHCI,). 


(Na.SO,). The methyl ethe crystallized from methanol (0-26 
(Found: C. 79-14; H, 8°87. CysH yO, requires: C, 7 , 915%) 
(b) A mixture of nimbiol (0-38 g), dry acetone (25 cc) anhydrous potassium carbonate (2 g) and 


dimethyl! sulphate (1°6 cc) was refluxed for 5 hr. Crystallization of the product from methanol gave 


nimbiol methyl ether (0-24 g), m.p. 142 143 
Semicarbazone of nimbiol methyl ether. A mixture of nimbiol methyl ether (0-07 g), semicarbazide 
»), ethanol (5 cc) and pyridine (0 1 cc) was refluxed for 5 hr. The semicarbazone 


hydrochloride (0-07 ¢ 
69°58; H, 8:37. Ns 


(0-04 g), m.p. 208-210° crystallized from methanol. (I ound: C, 
requires: C, 69 94: H, 851%) 


Deoxonimbiol acetate (Ill, R CO:Me) 

(a) A mixture of nimbiol acetate (1-1 g), glacial acetic acid (20 cc), 10% palladium charcoal 
catalyst (0-5 g) and perchloric acid (0-2 cc) was stirred at room temp in an atmosphere of hydrogen 
until two molar equivalents were absorbed. The reaction mixture was filtered, diluted with water, 


and extracted with ether. The ether layer was washed with dil. Na,CO, aq and water, and dried 


(Na,SO,). The oily residue (1-1 g) crystallized from methanol yielding deoxonimbiol acetate (O 7 g), 
m.p. 102-103", 56-4° (CHCI,). (Found: C, 80-35; H, 9°26. requires: C, 79-95; 
H, 9-39°%). 
U.V. (95° EtOH) Amax 268 my (log E 2-97) and 277 my (log E 2-96) 
LR. (CHC1,) Peaks at 5-71 and 8-3 (phenyl acetate) 

(b) To zinc amalgam, prepared from 1-8 g of zinc, were added conc. HCI (2 
nimbiol (0-3 g) dissolved in toluene (4 cc) and ethanol (1 cc) and the mixture refluxed for 24 hr. 
Conc. HCl (0-1 cc) was added to the reaction mixture every hour during the reflux period. The 


cc), water (2 cc) and 


: 
‘ 
| 
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ether extract was washed with water, dried (Na,SO,) and yielded a resinous residue (0-23 g, Amax 
283 mu. log E 3-58) of deoxonimbiol. It was acetylated with pyridine (2 cc) and acetic anhydride 
(2 cc) and the acetate (0-2 ¢) was chromat graphed over alumina (10 g, deactivated with 0-3 cc of 
10°. aqueous acetic acid). On elution with pet. ether, deox nimbiol acetate (0-08 g), m.p 102-103 
of nimbiol (0-3 ¢), ethyl 

in atmosphere of hydrogen 

nimbiol 29 g), M.p 244 246 

tate (1-7 2 methanolic 

1 extracted with ether, yielding 


ot be crystal 


rave deoxonimbiol acetate, m.p 


OH) An intimate 
for 11 hr The 
nromat graphed 
benzene 

-1.2.3.4- 

| nant © requires 
H, 8:39 
EtOH) 


19) 


27) and 330 mu 


lether AVR vixture of the abov trahydrophenanthrol (0-05 g), dry acetone 
pl ic (0-4 cc) was refluxed for S hr 


i 


er ot the tetrahydrophenanthrol, 


H). 1.1.7-trimethyl-6-hydroxy- 
yphenanthrene (V, R H) 


eated at 320-340 for 50 hr 

stalline solid (0-25 g), m.p. 

rummy residue 

eluted with 

ether ciuted Lalline solid (0°18 g), 


ive the tetrahydrophenanthrene 


0-2 mm it melted at 82-83". (Found: C, 90-98; 


re ) 


EtOH) / } ° E 4-86), 279 mu (log E 3-73), 310 my (log E 3-0) and 324 my 


¢ pet. ether insoluble so 155-156" reported above was chromatographed over alumina 
deactivated with 1-5 cc aqueous acetic acid). A mixture of pet ether and benzene 
id (O-l g@), 1 2-140", while benzene eluted a second solid (0-1 g), m.p 179-182 
The crystalline solids (0-1 g), m.p 132-140° on recrystallization from pet. ether gave the tetra- 
hydrophenanthrol (IV, R OH), nip. 146-148 identical with the tetrahydrophenanthrol reported 

before 

The crystalline solids (0-1 g), m.p. 179 182° eluted with benzene was rechromatographed over 
alumina (10 g, deactivated with 0 7 cc of 10°, aqueous acetic acid). The benzene eluate gave crystal- 
line solids (0-06 g), m.p. 184-186", which after crystallization from a mixture of benzene and pet 


ether afforded 1,7-dimethyl-6-hydroxyphenanthrene (V,R H), m.p. 189-190". On sublimation at 


170°/0-2 mm the analytical sample, m.p. 189 190° was obtained. (Found: C, 8624; H, 6-42 


C,,H,,O requires: C, 86°45: H, 635°) 


“4 
a resinous mass (1-1 g) which was insolubDie in aqueous alkal and could 
ULV. ( EtOH) / 283 E 3-56) 
Selenium dehy lrogenation experiunents 
mixture 
reaction 
U.V. (95 
(log E 3-5 
(10 cc), a 
m.p 145-146". not identical with the starting tetrahydrophenanthrol 
Isolation of 1,1,7-trimeti | ,2,3,4-tetrahydrophenanthrene (AV, R 
1.2.3.4-retrahydrophenanthrene (UV, R OH) and 1,7-dimethyl-6-hy 
\ mixture of de ynimbiol (1-1 g) and selenium powder 
The reaction mixture, gave a gummy residue (1 
a 155-156 from pet. ether The pet. ether mother liquor 
(0 which was chi al rapned over na ar 
pet ether was recnromatograp ed ver alu (26 Pet 
(IV, R = H), mp. 78-79". O b tion at 
1.89. 
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U.V. (95°, EtOH) Amax 257 my (log E 4-43), 279 my (log E 3-97), 
298 my (log E 3-66), 308 my (log E 3-78), 
339 my (log E 3-13) and 356 my (log E 3-15). 

Methyl ether (V, R Me). A mixture of the phenanthrol (0-09 g), m.p. 189-190°, acetone 
(10 cc), anhydrous potassium carbonate (0-5 g) and dimethyl! sulphate (0-4 cc) was refluxed for 10 hr. 
The product, m.p. 113-115" on crystallization from methanol gave the methyl ether of 1,7-dimethyl- 
6-hydroxyphenanthrene (0-06 g), m.p. 119-120". (Found: C, 86:23; H, 6-90. C,,H,,O requires: 
C, 86°40; H, 6°83 °%). 


Isolation of pimanthrene and |,7-dimethyl-6-hydroxyphenanthrene (V, R H) 


A mixture of deoxonimbiol (0°62 g) and selenium powder (3 g) was heated at 340-360° for 42 hr. 
The product of dehydrogenation (0-6 g) on crystallization from pet. ether and a mixture of benzene 
and pet. ether gave 1,7-dimethyl- 6-hydroxyp henanthrene, identical with the compound reported 


above 


he residue (0-4 g) obtained on theevaporation of the nt ether mother liquor above was chromato- 
graphed over alumina (30 g). Pet. ether eluted a crystalline solid (0-2 g), m.p. 70-74°, which was 
rechromatographed over alumina (25 g). After a forerun of an oil (0 06 g), pet ether eluted a crysté illine 
solid (0-12 g), m.p. 74-78", which on crystallization from methanol gave pimanthrene (0-05 g), m.p. 
81°. On sublimation at 100—-115°/0-1 mm the analytical sample aie’ at 83 a oe with an 
authentic sample of pimanthrene. (Found: C, 93-04; H, 6°64. Calc. for C,,H,,: C, 93-16; H, 6-84° 
UV. (95 EtOH) Ama 258 1 my (log E 4-75), 279 my (log E 4-11), 
4-02), 300 mu (log I 4 12), 
2-47), 327 mu (log E 2°35), 
2-5), 339 mu (log E 2-29) and 

24) 


Pimanthrene picrate. The picrate, prepared in the usual manner m.p. 130-131° was not depressed 


g | 
my (log I 
I 


my (log 


when mixed with an authentic specimen of pimanthrene picrate 
1- Methyl-6-hydroxyphenanthrene Podocarpic acid was dehydrogenated with palladium charcoal 
catalyst and 1-methyl-6-hydroxyphenanthrene, m p. 160° was isolated in the usual manner 
U.V. (95 EtOH) 7 257 mu (log E 4-6), 279 my (log E 4-0), 
297 mu (log E 3-94), 306 mu (log E 4-02), 


29 


340 my (log E 3-27) and 357 mu (log E 3-32) 

ittempted preparation of the furfui vlidine derivative of (a) sugiol methyl ether and (bh) nimbiol methyl 
ether 

(a) A mixture of sugiol methyl ether (0-18 g), 95°, ethanol (10 cc), 15% NaOH (0-36 cc), freshly 
distilled furfural (0-1 cc) and water (1 cc) was kept at room temp. for 4 hr. On working up unchanged 
sugiol methyl ether (0-15 g), m.p. 137-138" was recovered 

(b) From a similar reaction mixture of nimbiol methyl ether (0-2 g), 95° ethanol (10 cc), 15° 
NaOH (0-4 cc), furfural (0-11 cc) and water (1 cc) was recovered unchanged nimbiol methyl ether 
(0-17 g), m.p. 138-140 


{ttempted condensation of ethyl formate with (a) sugiol methyl ether and (b) nimbiol methyl ether 


(a) A solution of sugiol methy! ether (0°15 g) in benzene (10 cc) was added with swirling to a cooled 
mixture of ethyl formate (0-2 g), sodium hydride (0-05 g) and benzene (5 cc). The mixture was allowed 
to stand overnight. On working up unchanged sugiol methyl ether (0-12 g), m.p. and mixed m.p. 
136—137° was recovered 

(b) A similar reaction of nimbiol methyl ether (0°15 g) in benzene (20 cc) with ethyl formate 
(0-2 g), sodium hydride (0-05 g) and benzene (5 cc) gave unchanged nimbiol methyl ether (0-11 g), 
m.p. and mixed m.p. 138-140 

Chromic acid oxidation of deoxonimbiol acetate. Deoxonimbiol acetate (0-1 g) was oxidized 
glacial acetic acid (1 cc) and chromic acid (0-13 g) in 80°, acetic acid (0-6 cc). The gummy product 
(0-08 g) isolated by means of chloroform was hydrolysed by refluxing for 5 hr with 5%, methanolic 
KOH (2 cc), and extracted with ether. The aqueous alkaline solution was acidified and extracted 
with ether yielding a residue (0-05 g), m.p. 240-244", which on crystallization from benzene afforded 
nimbiol, m.p. and mixed m.p. 246-248”. 
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REACTIONS CATALYSED BY ALUMINIUM 
CHLORIDE—XXVIII* 
THE REACTION OF CYCLOALKANES WITH CARBON MONOXIDE 


A. T. BALABAN and C. D. NENITZESCL 


Laboratory of Organic Chemistry, Polytechnical Institute, Bucharest 
(Received 1 January 1960) 


Abstract—The condensation of some cycloalkanes with carbon monoxide under pressure, in the 
presence of AICI, at normal or slightly higher temperature has been investigated. Cyclopentane 
leads to cyclopentanecarboxylic acid. Methylcyclopentane yields the same products as cyclohexane, 
namely cyclohexanecarboxylic acid and 2-methylcyclohexanone. From methylcyclohexane, cyclohexyl 
methyl ketone is obtained together with a mixture of trans-2-methyl-cyclohexanecarboxylic acid 
with the 3- and/or 4-methyl isomers. From decalin, trans—trans-1-decalin-carboxylic acid and trans- 


hexahydro-x-benzosuberone are produced. The mechanism of these reactions is discussed. 


It was established during 1931—1936'-* that saturated hydrocarbons CxHy react with 
carbon monoxide under pressure in the presence of aluminium chloride at normal or 
slightly elevated temperature, yielding three kinds of products: (i) acid C,xHy ,;COOH; 
(ii) lower ketone Cy,,HyO; (ii) higher ketone (CxHy_,)oCO. 

The reaction has been applied to the following hydrocarbons: (Table 1). 

Aikanes. Propane,** n-butane,’ isobutane,* n-pentane,':’ isopentane,':’ n-hexane’ 
and isohexanes.* 

Cycloalkanes. Cyclohexane.'*.’.® 

In order to explain this reaction, a mechanism was suggested*.*.’ involving the 
intermediate formation of the formyl cation as in the Gattermann—Koch reaction. 
This explanation was adopted in most reviews and monographs describing the 
reaction between alkanes and carbon monoxide.!” 

But, as shown recently,® a different mechanism involving the reaction between 
carbon monoxide and a carbonium ion generated by the hydrocarbon under the 


influence of the catalyst, is much more probable 


* Part XXVIII: A. T. Balaban and D. Nenitzescu, Liebigs Ann. 625, 74 (1959) 


Hopfi ch her j 5. 2 (1932) 
H. Hopfi *nitzes cu and I. P. Cantuniar Dtsch. Chem. G 69, 2244 (1936) 
* H. Pines atic , mer hem. Soc. 69, 1337 / Pines and V. N. Ipatieff, U.S. Pat 
2,346,701 Dst , 6302 (1944) 

5H. Hopff, Angew. Chem. 60, 218, 245 (1948) 

6 A. T. Balaban and C. D. Nenitzescu, Liebigs Ann. 625, 66 (1959) 

7H. Hopff. Ger. Pat. 512.718 (1927): Chem. Zentr. 1, 1007 (1931); 520,154 (1927); Jbid. 1, 3060 (1931); 
$35,254 (1928): Jbid. 1, 1155 (1932) 

®*K. Scharpenberg, Brennstoffchemie 36, 346 (1955) 

*C. D. Nenitzescu and D. V. Curcaneanu, Ber. Dtsch. Chem. Ges. 71, 2063 (1938) 

0 ¢ A. Thomas. Anhydrous Aluminum Chloride in Organic Chemistry p 765. Reinhold, New York (1941): 
J. Schmidt, Das Kohlenoxyd (2nd Ed.) p. 251. Leipzig 1950 
R. C. Fuson, Advanced Organic Chemistry p. 188. John Wiley, New York (1950); 
B. T. Brooks, The Chemistry of Nonbenzenoid Hydrocarbons Reinhold, New York (1950); 
F. Asinger, Chemie und Technologie der Paraffin-Kohlenwasserstoffe p. 561. Akademie Verlag, Berlin 
(1956); 
M. Orchin and I. Wender, Catalysis (Edited by P. H. Emmett) Vol. 5, p. 1. Reinhold, New York (1957) 
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This new mechanism when applied to cyclohexane leads to the following scheme: 


4 CH. 


In fact he lower k n obtained in this reaction trom cyclohexane IS indeed ! 
vicevclohexanone. but the acid simultaneously formed 1s not 1-methyl- 


and Ill, 


but instead cyclo- 


hexane 
In order to gather more experimental data, the reaction was applied to the 


following cycloalkanes 


1. The condensation of carbon monoxide with cyclohexane confirmed the results! 


that the acid produced is mostly cyclohexanecarboxylic acid 


1 Ol methyicy pentam viclds the same products in nearly the same 


he react 


amounts as in the previous ci 


if cyclopentane requires heating at 70° and affords cyclopentane- 


The reactior 


1 and dicyclopentylketone (as the higher ketone). The lower ketone ts 


carboxylic ack 


present only in traces 
4. Methvicyclohexane readily reacts at room temperature yielding in appreciable 


amount cyclohexyl methyl ketone. The acid formed ts a mixture of isomeric acids 


H,,0,, which by partial esterification and hydrolysis may be separated into two 


nearly equal fractions. The fraction 
1; the other fraction, with higher melting amide, 


difficulty esterified and hydrolysed is trans-2- 


methvli-cvclohexanecarboxylic ack 


probaby is a mixture of 3- and 4-methyl-cyclohexanecarboxylic acids. 


5 Particularly interesting is the reaction of decalin with carbon monoxide which 


trans—trans-|-decalin-carboxylic acid 


proceeds smoothly at room temperature, giving 


and 


DISCUSSION OF THE RESULTS 


Alkanes and - bapa possessing tertiary cal bon atoms react at room tempera- 


ture and yield all three types of products i-iii. The hydrocarbons which have only 


primary and “oa ry carbon atoms and which cannot acquire tertiary c: irbon atoms 


by isomerization, such as propane and cyclopentane, react at temperatures above 60° 
not yield lower ketones (ii) because these are probably destroyed under 


and do 


existing conditions 
The reactions have an induction period, easily observed in the case of methyl- 
The effect of water addition 


cyclohexane or decalin which react at room temperature 
to the reaction mixture (as the crystalohydrate AICI,°6H,O) results in a reduction of 


4 
4 
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the induction period, an increase in acid yield and the formation of unsaturated 


products and gums. 
The non-acid higher fractions are a complex mixture of higher ketones (iii), 


condensation products of the ketones (ii) and (iii), condensation products of aldehydes 


eventually formed by hydride-ion reduction of acyl cations, and dimeric hydrocarbons 
resulting from dehydrogenation. This renders difficult the isolation of pure substances, 
therefore the higher ketones (iii) have been isolated only when the lower ketone is 
formed in minute amounts (propane® and cyclopentane). 

able 1 groups the structures and approximate yields (mole %) of the reaction 
products obtained from paraffinic hydrocarbons and carbon monoxide under pressure 


in the presence of aluminium chloride. 


MECHANISM OF THE REACTION 
The identity of products obtained from cyclohexane and methylcyclopentane 
(No. 8), proves that in this case isomerization 1s more rapid than condensation with 
carbon monoxide. On the other hand, reactions No. 2 and 3 yield different acids and 


higher ketones, indicating that the isomerization 
CH, -CH-CH.,-CH, =< (CH 


is slower then the reaction with carbon monoxide 
me ri nrorn if d oreemen } he f ) al f 
1¢ mechanism previously proposed isin good agreement with the tormation o 


the lower ketone obtained in all these cases 


The rearrangement of tertiary acyl cations to lower ketones always yields the least 
tensioned possible ring. From Ill a six-membered ring is formed by expansion; 
IV already has a six-membered ring and conserves it by methyl migration; while \ 
can by no means yield a 5- or 6-membered ring and therefore expands its cycle to a 
7-membered ring.* 

* It is supposed that hexal 


the latter is common both to t 


Vil 


comparable amounts hexahydro-a-benzosuberone as well as -/-, and since no f-derivative is formed. 
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The mechanism. however. does not account for the structure of the acids obtained 
in cases No. 2, 4, 8, 9, 10, since these are predominantly secondary (arising therefore 


from secondary carbonium ions)* though all lower ketones are derived from tertiary 


carbonium ion The only instances when both the acid and the lower ketone originate 
in the same carbonium ion are isobutane (No. 3) which can form a tertiary but no 
ec ry carb im ion, and propane and cyclopentane (Nos. | and 7) which can 
gal carb 

Ihe formation of sec iry carboxylic acids 1s surprising for two reasons 

I tertiar Ikyl carb um ions are more stable in secondary ions and 
ou therefore to | ray red. Second is Kocl rece! y « covered, on treating 
ilkenes « cohols t] n irous formic acid in the presence of concentrated 
sulp C ac i ry cart ( i no co cids or ketones are 
ob ed. | WS react 1 me as propo y identical with the 
mechanism suggested® for the reaction of alkanes with CO the presence of AICI,."* 
It is evident that the mechanism of these two reactions must be different in order to 
acco il ‘ t reaction products 

It was suggested" that mixed anhydrides of tertiary carboxylic acids with sulphuric 
acia a Tree ter y acy cauvions are involved 1 Koch's ClIOT This idea seems 
logic since the anion HO—SO.,—O- is a stronger nucleophile than AICI, The 
ereater stability of tertiary acids under these conditions may be thus explained, but 
unfortunately the existence of such mixed anhydrides has not yet been experimentally 


The mechanism of the reaction between alkanes or cycloalkanes and carbon 


monoxide can be interpreted starting from a theory developed by Baddeley™ for the 
explanation of certain anon alous isomerizations of alkyl groups in the Friedel 
Crafts reaction applied to highet alkyl halides According to this author, equilibria 
between all f getically possible) are established in 
the presence of AICI, by Alk~ or H~ shifts. In these equilibrium mixtures, tertiary 


carbonium ions will be present in far larger concentrations than secondary carbonium 
ions. because the former are more stable, but secondary carbonium tons are postulated 
to react more rapidly than tertiary es 


In addition. a new feature must be taken into account, namely, that tertiary acyl 
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cations are formed reversibly from carbon monoxide and tertiary alkyl carbonium 


1Ons. 


acyl cations may undergo rearrans 


At normal pressure decarbonylation is favoured; furthermore, these tertiary 


rement.° 


Ihe complex picture emerging from these considerations may be summarized as 


follow 


and methine groups yielding secondary and tertiary alkyl carbonium ions; 


subsequently undergoing hydride o 
reaction with carbon monoxide. 


secondary, these are stable and irrevet 


revel 
mixture minantl 
derived from tertiat 
secondary and 

tion, and will s 

isomerization 

ple? 


too con 


ketone 


It must be mentions 
achieved, intermolecula 


indicated by the existence 


All analyses were performed by Miss 


1. ¢ yclope niane 
A mixture of 540 
hloride introd 
cniorigde were introau 
At room temp no 
(5-3 moles) CO are absorbed during 


ice and HCl, and extracted with ether 


sibly, or rearrange to lower ketone 


Water-activated aluminium chloride abstracts hydride ions from methylene 


these are 
r alkyl shifts, hydrogen ion eliminations and 
yields acyl cations; when 

sibly formed, but when tertiary, they decompose 
he final reaction 

> exclusively 

acylation (with 

ing by hydrogen-ion elimina- 
xtures. The relative concentrations and rates of 


liary and secondary alky 


| carbonium 1ons are 


ure of the acid and lower 
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nechanism, as 


EXPERIMENTAI 


Sliam and M V. Sandule 


iluminium 
» 130 atm 
120 1 NTP 
contents of the autoclave were hydrolysed with 


NaOH solution, 


vith carbon 


iting ‘ 7 80°. 


he organic layer was treated with 10 


4 
ns. 7 
plex n 
Of 
rstood at present. 
a The following qualitative scheme accounts for the struct i 
R’—_CH—CH 4 R H,—C 
AR’CH co >R,CH—CHR’—COZ R,CH--CHR’—-COCI + AICI, 
: 
7 
R‘CH—CR H 
aR'CH CR CO ~R'CH R R’CH CR COC AICI. 
~R‘'CH 4 
d that when a stationary concentration C2) 
hydride shifts may occur by an ionic chain 
; 
) cyclopentan 
es place eve 
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210-215", were identified as cyclo- 


yielding after acidification 114 ¢ acid, from which 40g b.p 
For better purification it was esterified with ethanol in the 


yield 


pentanecarpoxylic acid 
presence of benzene ulp! onic acid. fractionated and hydrolysed with 30 NaOH. (Found, neutral 
equivalent, 116; C,H,.O, requir cri icid has m.p 168-169" (from 
water) sterificats ind lroly | 177-178." (Found: C, 63°68; 
9 12 ak +91; N, 12-29%). The mixed m.p 

epressik h 160 rystallizes from dil 


m.p C 
134°, 


). The p-toluidide, m.p 


reduced pressure, yields 


1 by recrystalli- 


4. Methyl 
mix 


In an aul 


(6:1 moles) AICI, were treated 


D. Net | niar Dtsch 65. 807 (1932) 
W.O.N ar eld | J. Amer. Chem oc. 63, 770 (1943) 

J von Braut 
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71H. H. Su 

220. Aschan, / {nn 

23H. W. Underwood and J 


Chem. Ge 69, 1820 (1936) 


755 (1951) 
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C. Gale, J. Amer. Chem. Soc. 56, 2119 (1934) 


: 
Cor 
metha (Found: N, 7:40. C,.H,,NO (189-25) requires: N, 
The d reac product fractionated at normal, and also at iy 
traces of lower ketone, b.p..» 45-55” (2,4-dinitrop! 
7at t mixed ) nor 2.4-d trophenyl ydrazone 162°), - 
and frac = wy fied hy revenerat trom its 
: ‘7 
16 The 2.4 ne. 1 103 crvsta (| 103-104 ) 
stc y ed se dary 
Lit ». 143-144") showed lepressior : 
(Found x9 ( H..NO (203 ) 
3 Asetin 
A mix ry me cyclops sealed glass tube (prepared 
b re retully refined 
carb ut luce ti iss tube to break and the 
vdro | ct Al \l OT Ch ‘all p, the autoclave is opened and 
the xture é e. A il hy carbs as recovered. The reaction . 
product contained 1-2 cid mide m.p. 179-181° and anilide m.p. 141-142° which 
did not depress a mixed | j , rb c acid derivatives), and 32 ¢ neut product, 
of whic fhe dab.p l fraction readily ‘ m.p. G 191-192 
and a 2.4 Izome p. 133 identical with the corresponding derivatives of 
we of 770 ¢ (7-8 moles) methylcyclohexane and 810 ¢ 
e at room temp with CO) at 150 itm The pressure be d iction f 
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period of about 10 hr and ceased after the absorption of 7:2 moles CO 


The reaction mixture was 


worked up as before 
Distillation of the neutral product gave two main fractions 
fraction, b p 120—-138°, 175 g (no definite compound could be isolated from 


The first fraction, b.p., 60-80 


288 g., and a second 


this second fraction; po it contained sterically hindered esters of methyl-cyclohexanecarboxylic 


ce ON treatment w H.SO,, an acid mixture was obtained similar to the acid reaction 


acids, sir 
onation at normal pressure yielded 220 ¢ of a colourless 


product). The first fraction on refracti 
liquid, b 176°, which did not decolourize bromine water, and proved to be cyclohexyl methyl 


ketone emicarbaze al mixed m.p 176° (Lit. 175 7 2,4-dinitrophenylhydrazone m.p 


NaOBi 
extracted 


H,,0, 


H, 10-6¢ 


AIC], 6H,O, 


a white gum (polymer) 


5 De ( alin 


> mo still ( rs m were ! od lina autoclave containing 


Decalin, 1410 ¢ (10 
1140 g (8-5 moles) AIC! was rotated 
G. Walker and R 

*°> M. Mousseron, R. Ja 


D. Nenitzescu, |. Pogan 
Friess and R. Pinsor 
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‘ TABLE 2 
Recrystallization Crude | 2 3 
Solvent 20 Ethanol Benzene Water 
Non-esterified acid 14 159-16] 162 
a Acid from ester 151 165-171 170 176 
a Mixed m.p 138 14 142 145 
141° (Lit. 140 The reaction with 
characterized through its amide (m.p. and mi 
The acid reaction product (49 g fraction 
ee with ether to remove traces of 1 cid pro 
102 , £3 (Found: C, 67:57; H, 9-92 Neutral equivaient 145. Caic. for ¢ 
rie gh ee (142-2): C, 67-32; H, | Neutral equ ent 142-2. This acid was first believed to be unitary 
since the m.p. of the I le (m.p. 145—14¢ could not be raised by recrys “uzatio ri 1 dil ethanol 
mek but the m.p. of the amide (m.p. 145-146”) could not be raised by recrystallization from dil. ethanol ‘ 
or benzene. (Found: C, 67:71; MS; N, 9-82; C.H,,NO (141-2) rec C, 68°04; H, 10°71; 
a aa ; N, 9-9. the a le m.p. 112 (Found: N, 672: C,,} NO (217-3) requires: N, 645°) 
aoe i The acid proved to be a mixture of meric C.H,,O, acids and 35 g were esterified with ethanol 
benzene—C,H,SO,H, by luxing 2 I 20 g est 202°, and 10 g 
non-esterified at b.p 160 The ester was! xed 8 hi h 10°: 3 eous NaOH, the ponified : 
ester extracted with ind a este i hese vO 
acids were converted rh the lor SOC], at ro nto amides 
which were consecutively recrystallized. Table 2 the m.p. « ind the mixed ». between, : 
the SC 
Bot amides Gepre ine! p. ol cyclohept ae 192°) 2,3 euny ypentane- 
carboxamide (m.p. 170°) and cyciol iuneacetamide (m.p. 167°). But the a ! f the } terified 4 
a / wit! m.p 167 does not e n 9 j Ca tl m.p 
182—183°.*° The amide of the a f fer p. lentical mid 1.p. 176°) 
prepared by oxidatior th NaOBr of the tone obtained in the Ne escu reac between 
: cvcloheptene, acetyl chloride, cyclohexane and AIC] Th the d whie ¢) ty esterified ts 
2-methyl-cye rexanecarboxylic acid, and the acid from ester probably is a mixture of trans-3- and 
trans-4- hyl-<« vaneca vlic acids 
if. before admitting CO, the autoclave is further charged with 0-2—0-5 moles finely ground % 
: Mm the absorption begins earlier and the acid formed arge! oul ind contains 
’ Es |itthe soluble in ether, which separates on acidification of the alkaline solution. 2 
a. rs Cf. also W. K. Jo Org. ¢ 24, 864 (1959) 
? : om 26 A. K. Macbeth, J. A. Mills and D. H. Simmonds, J. Chem. Soc. 1011 (1949) ; 
¢ vy and G. Mihai. Studii Cerc. Chim. 6, 375 (1958) 
I J. Amer. Chem. Soc. 73, 3512 (1951) 
: 
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1 to warm to 1 tem he absorption about 8 hr, and after 36 hr 


NTP CO es) ha wo up as before and the 


Hower 


irctu at cr re ru f 300 2 unreacted 


ay 
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CYCLOPROPENES FROM CARBENES AND ACETYLENES 


STEREO-SELECTIVITY IN THE REACTION OI 
CARBOMETHOXYCARBENE WITH C/S-BUTENE 


W. VON E. DOERING and T. Mout 


Laboratory, Yale University, New Haven, Connecticut 
( Recé hruary 1960) 


Abstract it metny al irbomet carben photolyticaily from 


dia meti 


CARBENES and acetyler i ting ield cyclopropenes is one of the many satisfying 
outgrowths he renals if divalent carbon. Among the published examples, 
the earliest 


methvlacety! 


diazoacet 


reported 


2 give 2-( cyclopropene 
and methyl! |,2-dimet cy ropene-3-carboxylate, respectively. In identify the hydrogenation 
pr the itter 12 prop carDo. t was reievant nve vate 
the react | | fra ec wil | lia It< lid De t agait was 
by ine mh le at il ad Dule¢ e preicre tia yi ved tne terica lay rea exo” 
ak per 
ene with ethyl diazoacetate to give ethyl |-methyl-2-phenyicyclopropene- 
3-carboxylate,. whilk mediately following. by Breslow ef a nvolve the re- 
ol diphenylacetyiene with diazomaionic ester,” diazoacetic ester,* phenyl- 
onitrilc and phenyl rocarbDer Quite recently, Vol’pin eta nave 
add! carbene to diphenylacety le, all the ore Sif cant 
an ooservation ew the imphication® that acetylenes should not De sufficiently 
nucicop c to react Intl paper, we report the reactions of butyne-2 with two 
carvdenes metnvicne na as the first illustrations of the 
synthesis ol purely aliphatic cyclopropenes , 
The decomposition of diazomethane is carried out photochemically in the usual 
way” wil ine exception it some dime yi ether is aamixed W 1 the Dutyne-Zz to 
prevent reia ely if u ince soldilyin oO ne cold finger 
Most of the unreacted butyne-2 is removed by distillation to give a concentrate from 
which quite unexceptional g.l.p.c. permits separation of dimethylcyclopropene in 
yields up to 17 per cent of theory based on N-nitrosomethylurea. Dimethylcyclo- 
propene can he wil ul ivmel ilo} rety erator ind nt Ss sense 1S 
much more stable than unsubstituted cyclopropene which cannot be stored even at 
K 11, No. 22, § Al No. 4 
R.B R. W P 4 M ‘ \ ( em. Soc 
p. ISP, N York, R.B M.B A : R.Bres 
R. W M.B Oo ci 24, 4 R.B 79, 
R. B Yua A ( 80. 599 R. Br te 
M. E. \ Yu. D. Ko h ind D. N. K ov, J ikad. Nauk SSSR, Ot Khim. Naul 
von E. Do ind W. A. H J. Ab 80, $274 (1958) 
; See, for ple, W. von E. Doer 1H. P bach, Tetrahedron 6, 24 (1959) 
: * M. J. Schlatter, J. Amer. Chem. S 63, 1733 (1941) 
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Support for the structure of 1,2-dimethylcyclopropene 
lytic ogenation and on the interpretation of the n.m.r. spectrum. cis- 
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Cyclopropenes from carbenes and acetylenes 


On the assumption of stereospecific addition (logically, it 1s irrelevant whether cis or 


trans), of cis and trans-butene, one will give two stereoisomeric products and the other 


only one. This latter product formed ver by frans-addition to cis-butene or cis- 


addition to trans-butene, must have the trans-structure. In fact, the single product ts 


obtained from frans-| 

carboxylate (Chart 

been cis. Further ju 

t th is! ve ig of products | is and trans-butene 


found in the fact tha 
the former giving the 
x and #, the latter the sing: isomel 

Structural distinction between the « and / cis-esters can be made by uncomplicated 


application of the principle of surface hindrance in catalytic hydrogenation." 


is presumMaDly 


P. S. Sk 


CHCOOC,H 
ne results as photolysis 


Whetstone, J. Amer. Chem. Soc. 64, 


fic reactions. Copp at produ if 
P. Linstead, W. von E. Doering iS, ‘vine R 
1985 (1942) 


al 
INPRAI SPECTRA IN CARBON RIDE 
) 
)-49 f 10 
14 ‘ 
= ; | 54 1-61 4 
11-73 & 11-45 
19.42 
14-08 14-12 +-1% 14-7] 
Met 1,2 M 2 
carbo. M ) M 
e 
> 
20 [¢ pee by some such argument as this that the following, otherwise undocumented statements 
by MEBMEcll and R. C. Woo ) J. An ( S 78, 4496 (1956) find par istificatior 
‘The criterion of stereospecific addition to the 2-butenes has been used to detect other carbene reaction 
intermediates. For ex t ylefins produces 
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Addition of hydrogen being from the catalyst surface to the under side of the ab- 
sorbed olefin in cis fashion, the geometry of adsorption controls the stereochemistry 
of the product. In the case of methyl 1,2-dimethylcyclopropene-3-carboxylate, the 
favored conformation of adsorption leaves the methyl carboxylate group trans to the 
catalyst surface and leads to an all-cis product. Accordingly, the «-isomer is the 
methyl cis-1,2-dimethylcyclopropane-3(cis)-carboxylate and, by default, the /-isomer 
is the methyl cis-1,2-dimethylcyclopropane-3(trans)-carboxylate. 

Parenthetically, it is noteworthy that the addition of carbomethoxy carbene to 
cis-butene is the only example in which, with cis-addition demonstrated, a second 
stereochemical choice, analogous to the endo-exo choice in the Diels—Alder reaction, 
is open to the reactants. Whereas the endo choice is overwhelmingly preferred in all 
but a few examples of the Diels-Alder, in the addition of this carbene no striking 
discrimination is shown. What little there is seems to be sterically controlled and 
corresponds in the Diels-Alder analogy to exo-addition. With cis-addition being 
indicated, the examples of Wilberg er a/.’* in which the additions of carboethoxy- 
carbene to ethyl acrylate, vinyl bromide and vinyl /-butyl ether give trans-products, 
now become further illustrations of the steric favoring of exo-addition. 


We hope to exploit the more ready availability of simple cyclopropenes by studying 


the chemistry of the ring system in greater detail than has heretofore been conveniently 


possible 
EXPERIMENTAI 
1,2-Dimethvicye 
osourea to 
de overa 


ransferred 


vacuum 

2 and 5 ml 

yution to 

1 by a jacket 

nlamps \ 

total of *ht doses lia thane wa trod at tervals sufficiently long to permit the 

decon 

The reaction product was tilled, material boiling below 45 ng collected. Analysis of the 

mixture i tet Dutvien im! ) la I mer 154 Fractometer 

operated at.o and wit nM m at ) ndicated ot t .-cdimett cy propene corre- 

Spo! ing » | Or theory Dased metny trosourea nt imn tne retention time ol 

buty 2 al il ain cl y pre i ntit ol pre duct were 

separated by distil y most of the ty 2ina helix-pa 1 column and then passing many 

100 my samy tral iv’ in if imn CCLIOT Was accomplished 

in the usual mann i tul irrounded by dry-i t § also poss to effect purification 
(>90°.) on olumr ametet with did Iphthalate on firebrick 

.2-Dimethylcycloproper a colorless, mod t table liquid of f.p 35 to —-33° and having 

a vapor pressure of 150 mm at 0° (corresponding to a b.p. of about 40°). It polymerizes slowly at 

room temp and is easily stored at 4 There is no maximum absorption in the U.V. above 215 my 

nor any absorption with log | above 230 my (10-* M solution in ethanol). The n.m.r. spectrum 

measured in a Varian Associates Model 4300 V at 40-01 mc with superstabilizer and spinning sample, 


showed two peaks, one at 198 3, the other at 245 me p-s (relative to the pheny! hydrogen of 


toluene) in an approximate ratio of 3:1. The gas-phase (10 mm pressure in an 8-5 cm cell) infrared 


% K. B. Wiberg, R. K. Barnes and J bin, J. Amer. Chem. Soc. 79, 4994 (1957); E. N. Trachtenberg and 
G. Odion, Jhid. 80, 4015 (1958): G Closs and L. E. Closs, /bid. 81, 4996 (1959) 


= 
‘ 
2 period of 10 min. One quarter of the solution of diazomethane in decalin (at 0°) was (i Bete ae 
LO a test-tubde Va ac pp ind 7 one icading 
; to the top of the irradiat "4 cal simple. transparent Dewar-tvpe of cold finger with anel yngated 
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is comparatively simple. Omitting several very weak transitions, the spectrum seems to consist of 
the following bands: sharply separated, strong doublet at 3-43 and 3-52 4; a weak peak at 5-27; 
weak peak at 6°70, moderate peak at 6°91, a poorly resolved doublet at 8-42 and 8-50 and a strong 
triplet at 9°78, 9-86 and 9-95 jm, with the central peak being exceedingly sharp. The spectrum in 
carbon tetrachloride (5°) follows: 3°44 (S); 3-52 (S); 5-29 (W); 5-81 (VW); 5-92 (VW); 6°75 (M); 
6°93 (S); 8-46(M); 863 (M); 9-91 (S). 

The molecular weight was established by the mass spectral cracking pattern which shows no 
C isotope mass at 69) The mass spectrum 


67 (100-0). 66 (10-5), 65 (15-1), 63 (5-0), 62 (4-4), 61 (3-4), 60 (0 7), 54 (3-2), 53 (63-1), 52 (7-8), 


50 (11-7). 49 (2:5), 44 (CO., 1-2), 43 (1-1), 42 (14-6), 41 (75-6), 40 (31-2), 39 (57-6), 38 (9-5), 37 (5-2) 
36 (0-5), 32 (Oz, 1-4), 31-5 (1-4), 31 (6-1), 29 (3-2), 28 (No, 5-1), 27 (49-3), 26 25 (0-5), 15 (2-2). 


Catalytic hydrogenation of 1,2-dimethylcyclopropene 


In a vacuum-line system about 30 mg (20 cm mercury in the system employed) dimethy Icyclo- 


propene was condensed into 0-25 ml iso-octane containing 5 mg pre-reduced platinum oxide catalyst 
| 


Under 500 mm press of hydrogen, the cyclopropene was reduced at about O° with magnetic stirring. 


g 
Diffusion of the cyclopropene throughout the vacuum system was minimized by the appropriate use 
Of stopcocks and by condensing the volatile materials back into the iso-octane solution by periodic 
cooing WILN GFy-ice 


After uptake of hydrogen had ceased (a fall in pressure of 21 cm mercury), the hydrogenation 


product was condensed and chromatographed on a 2 m dioctylphthalate column at 25-—26° with 
helium at 10 

The most abundant product amo inted to 70”, of the latile materials, and had the same retention 
time (about 16 min), mass spectrum and infrared spectrum as that of a sa ple of authentic cis- 
1 ,.2-dimethylcyclopropane 

The rest of the product ¢ sted of two Dstance re hly equal quantity having retention 
times of 10 and 7-5 min and being identified by mass spectroscopy as n-pentane ind isopentane, 
respect ely 
Methyl 1.2-d methy cyciopropene -3-carbox vlaté 

A mixture of 23 g butyne-2 diazoacetate 1 25 g isobutane (used as solvent to prevent 
the butyne-2 from crysta g the cold rer) placed sk fitte condenser of 
the cold finger type filled th dry ice At the end of 30 hr irradiat« with three 275 watt General 
Electric sunlamps, the diazoacetic ester was decom] sed. Distillation afforded 3-5 g material, 
b.p. 45-60" at 2mm. Separation by g.l.p.c. (Perk mer Fractometer 154; 4 m didecylphthalate 
column at 130°) afforded pure methyl 1,2-dimethylcyclopropene-3-carboxylat the com- 
ponent (80",) in 32°. of theoretica eld; 7 4412 (Found: C, 66-4; H, 8:2. C;H,O, requires 
C. 66°7: H, 8-0°%,) 
Catalytic hydrogenation of methyl \,2-dimeti vene-3-carbox ylate 

The crude (80°,) reaction product (0-5 g) was hydrogenated over platinum Ox de in ethy! acetate 
at room temp and atm. press he crude product was analysed by g.l.p.c. (4-m didecyip thalate 
column at 125° and helium at 25 Ib/in*). At least 70°, of the product had the same retention time and 
same infrared spectrum as the «-isomer, me 1 ,.2-dime cyclopr ine-3( -carboxylate, 
obtained below from cis-butene and methyl diazoacetate. There was no detect ible amount of any 


other stereoisomer 


Photochemical reaction of me thyl diazoacetate ith cis-butene 


{ for 40 hr with three 275-watt General Electric sunlamps, a solution of 8 g 


After being irradiated 
methv! diazoacetate in 40 ml cis-butene had become coloriess Distillation afforded 4-0 g (39 of 
theory) material, b.p. 50-60" at 50mm. In g.Lp.c. on a 4-m didecylphthalate column at 130° and 
25 Ib/in® of helium, the product consisted of a mixture mainly of two substances, « (r.t 42 min; 
nz* 1-4308. Found: C, 65-5; H, 9°5. C;H,,O, requires: C, 65-6: H, 9°4°) and # (r.t. 47 min; 


1-4306. Found: C, 65:5, H, C;H:,0, requires: C, 65-6; H, 94%) with small quantities 


: 
} 
a 
4 
: 


W. von E. Doerinc and T. Mout 


The ratio of « to 8 was about 2:5. Both 


of at least four other substances of shorter retention lume 
isomers were stable t al permanganate solution 


to the 4 by treating with methanolic sodium meth- 


‘te 
0 
The «-isomer was not rearranged apprecia 
oxide for 6 hr at 6U 
The co er catalyvred react f ia celal 
t < rate as to maintain a steady evolution 
Dist eded (34 b.p. 40—S¢ 20 mm: m, 1°4252. The major 
> t.carb | dd: C. 65:3: H. 93. C-H,O 
| i at DF yf i 
45-4 | ret ang at a ne ] press 
require ( H 4 
Infrare a 
i” Model 21 | is rometer. | e spectra isu ; 
wer by tak ilue 10 for the carbon—hydroge stretching band 
coefficn vere ec i 
4 
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THE STEREOCHEMISTRY OF MANOYL OXIDE 


R. HopGes and R. I. REED 


Chemistry Department, University of Glasgow 
(Received 15 February 1960) 


Abstract—The stereochemist ) 10yl oxide at . has been established by hvdrogenolvsis to 
8a-hydroxylabd-13-ene lectron-impact induced fission the molecule shows that ¢ has 


-configuration, and hence manoyl oxide i 


[He tetrahydropyran ring in dihydromanoyl oxide has been opened’ to give a di- 


chloride which has been obtained from sclareol: but no valid deductions can be made 


about the stereochemistry at ¢ 2 and (¢ 


Ohloff has shown* that a manoyl oxide can be prepared from sclareol. This 


synthetic material has m , (aly 5°, while natural manoyl oxide has 
natural manoyl oxide was impure 
itural manoyl oxide 


‘tention time ol 


| 


tion of sciares 


insepar- 

quid 

natogray ny) WwW ld Deca all ree pr pl ucts have 

been formed 

by a quantitative comparison the i-red spectrum of the 1 tt with that of 

¥-onocerin diacetate ol ol) for the mixture had a value « 105 

which 1s in reasonable agre nt wi at of wee areol and manool 
Since this rotation 
it 1s probable hat ¢ 

Hydroxylation of manoyl oxide, followed by oxidation with lead tet tate gave 

the aldehyde (Illa). When this was oxidized with chromium trioxide, products 

were formed: the lactone (1V) and the acid (IIIb). Since IV is known’ to be less 


stable than the corresponding 8-epimer, its isolation from this reaction is further 
' J. R. Hosking and C. W. Brandt ’ tsch len 68, 37 (1935) 


* G. Ohloff, Liebigs Ann. 617, 134 
M. Hinder and M. Stoll, He 


ale 
i represented by I. 
; behaves as a pure substance during gas-liquid chromatography with a rol 
: ' 22-9 min at 195° on a column of 5 per cent A piez L on 120 mesh celite. A sample 
ee of the synthetic material, with m.p. 94-96", showed two peaks with r7’s of 22-9 and 
oe 24-9 min. The first of these was inseparable from natural manoyl oxide by this 
ee: technique and amounted to approx per ce i the synthetic Sample , 
: ad It is clear that the bulk of the synthetic oxide must be a stereoisomer of natural 
manoyl oxide, and will be designated as epi-manoyl oxide. It is probable that during 
the cycliza iiggg| the oxide rin: epi-ma | oxide VW be attached to C. fro 
La > lar le? ‘ +} n y n 
P the «-face of the molecule As is show la : the configuration at C. anoyi 
oxide, so it seemed likely that the iterial prepared by Ohloff was a (¢ epimer 3 
This was shown 1o be so hy yvarovens | epimer®rs oive the same 
hydroxylabd-13-ene (11) 
Po him. Acta 36, 1995 (1953) 
4 


evidence of an 82-oxido group in manoyl oxide 


treated with oxalyl chloride 


‘ 


materi 


R. Hopoes and R. I. Reep 


The sodium salt of the acid was 
ride, fo ved by conversion to 1 liazoketone and heating 


arboxyl group in lllb was 


However, no pure ketonic 


t! u oxi 
¢ will 


le molecule in such a way 


-CH_Br 


?-Oxomanoyl oxide was 


that it sh 
1 and the product brominated 


ica 
3-oxido-labdat (VI) This was dehydro- 


Piviny 


reduced 


brominated the 2-acetoxvacetviene (VIIb) which was converted to the ketone 


(VIII). 


This was oxidatively dimerized to 15,15'-di(8z,13-oxido-2-oxolabd-14-ynyl) (LX). 


, epimers of this structure have very diflerent molecular dimensions 


Though the two C, 
no steric conclusions could be drawn from an X-ray determination of the size of the 


crystal unit cell of LX. 


‘ F. Greuter. J. Kalvoda and O. Jeger, Proc. Chem. Soc. 349 (1958) 


te, 
Ie hat ft 
n toluene t was thought that, the 
It was then decided to alter the shape of the manoy| 
4 
| 
‘ 
A 
b, R= COOH 
TT 
~ 
vil R=0H vn 
x 
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The acid (IIIb) has infra-red absorption at 3360cm™' and 1780 cm~' in dilute 
carbon tetrachloride solution, showing strong intramolecular hydrogen bonding. 
This bonding must be between the hydrogen of the carboxyl group and the ether 
oxygen, involving a five membered ring, which may contribute towards the abnormally 
high frequency of the carbonyl absorption In addition, this frequency would be 
increased by the presence of an z-oxygen substituent. The methyl ester IIIc showed 
two bands at 1731 and 1751 cm~! comparable with those reported for many «-halo- 
genoesters and for allyl phenoxyacetate.° It would appear, from models, that bonding 
of this type would be unlikely in a structure with a /-carboxyl group unless the tetra- 
hydropyran ring was in a boat form Hence it is probable that IIIb has an «-carboxyl 
group. | nfortunately. through lack of material, we were unable to confirm this by 
preparing the 13-epimer of IIIb However, conclusive evidence on this point was 
obtained by electron-impact induced fission of manoyl oxide, which is discussed 
below 

Evidence has accumulated which suggests that f the molecular 
ions of epimeric compounds differs his gv ise to * atte ” which 
differ in the intensity th agment ions, rather than n species formed 
These differences in intensity have been interpreted in terms of the congestion of the 


molecular structure around the centres of clea\ 

Accordingly, an exami he icking-pattern yf oxide and 
epimanoyl! oxide was made ve relative e: fa methyl group from both 
systems was compared ause ol thyl groups in each 
molecule, the contribut »10ns of m: and of mass 275 representing the parent 
minus 15 (P-15), m: 
relative ease ol 
expected to be 
intensities ol 


loss of ups at tl itre periment shows that ther Of 


greatel loss from manoyl oxide than ¢ manoy l uggesting I il tne substitutents 


on the oxide-ring 

Since it 1s known that 
were carried out in which the electron | 
potential of th btained by the 
ion. Comparison of the 
varied slightly with the accelerating 
manoyl oxide and epimanoyl oxide respectivel ’ ithstanding the variations with 
ionizing potential, the ratio for manoyl oxide W alwi reat under the same 
bombardment conditions. This confirms the observation that the groups are in the 
more congested position in manoy! oxide 

Some ambiguity remains; as the configuration around C,,, which bears both the 
methyl and vinyl group, will depend upon which group exerts the greatest steric 
congestion in the /-configuration Hence, similar experiments were conducted upon 
the corresponding compounds in which the vinyl group was rep aced by an acetylene 
residue. In this series the interaction of an 8/-methyl group with a 13 }-ethynyl group 


M. L. Josien and Asti B Soc. Chim. Fr. 801 (1958) 

* K. Biemann and mer. Chem. Soc. 81, 3149 (1959) 
R. A. Brown and E. Gillams, A.S.T.M. Committee E-14 on Mass Spectrometry, 2nd Annual Meeting, 
New Orleans (1954) 


ly 
: 
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certainly be h that with a 13/-methyl. The intensity of the parent 
lar 10on was rather k but mparison wa ade between the fragment tons 
73 and 263 of a methyl 


(Vila) the 


ethynyl group 


tensity he 10ns 1s 
} 


l4-yne Th 


XPERIMENTAI 


ul proc ‘ adsorbed on alumina (20 g) from 


roleum and eluted needles (21 meg from light petroleum) ot 


mMoicc 
‘ | ma 
cn is greater than 3-epioxidolabd 
preicrential loss of a ! yi group in the ack 1 ig the same | 
conformation as mar xd A check upon this deduction was made by examining i . 
: result | Hiv a iow ya ese ¢ pounds ipportea 
this concit Conse \ e ce that ma oxide, C,,. 1s in the 
CT gu r clement al is, 
It i ccn a ( manoyi oxide and its deriva 
patte becomes dil ilt ‘ manovl oxid as C,. in an 
4 
. 
i) 
d 
iil 
C, 68 45; H ( 5: H hi; N 2-0 Lit 
f itl itl 69 xide (3 *) were a ed to 
(iit 45.4 10 /0-05 mn {2° (c. 0-7). (Found 
C, 74:4; H, 10:3. 1 es: C, 74-0; H, 10-4 
metha 83-8 »S) nd: +65; H, 10 C,,H,,O, requires: C, 
light pet 

pal 
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the lactone (IV), m.p. 125-126°5 , (c, 0-8 in benzene). (Lit.* values: m.p. 125°, [x]p +41°). 


(Found: C, 77-0; H, 10-05. C,,H C, 76°75; H, 10°45") 


nujol was identical with that pub 


The infra-red spectrum in 


ne (2-oxomanoy! oxide, 250 mg) 


The crude 
tate (SOO mg), 


benzene 


(54 mg) 
When 


po a was treated with sodium borohydride (250 mg) gueous methanol (15 ml) for 2 P| 7 
then adsorbed o1 in 1 (25 2g) trom 4 petroicul ind eluted ent 
(9:1) ast on of 2? a =. 13-0 1., 10) me) m licht petr eun n.p 107-5 
109", 37° (c, 1-5). i: C, 75-8: H 45. C..H..O,. requires: C. 75-8: H. 10-4°%) 
2 y-14.15-d Ra. 13-on a Vi) ? Ace 1 3-oxidol 
in cardo etra rid vas treated W 1 2 solr atv 
the react picts va ed picardonale R i f the solvent : 
rave the dib de (V1) petroleum, m.p. 125—134 Found: C, 52-95; 
H Oo. H..O.Br, 1 C, H 
2a-My Sa, 14-5 Vilc). 7 libromide (VI. 950 mg) in ether (20 ml) was 
tirred for 3 f soc (100 ml) at —33 
sed 0) V) fr rht roleum and 
t-yne (VII np. 115-116°5 12° (c, 1:2). d: 64; H, 10-0 
( 6°25: H, 9-9 Hyd Vil ive the corre nding a Vilc) 
as pl ht p 104-1 (Found: 8-7: 11:1 
C.,H,.O, requires: C, 78 H, 10-¢ 
chromic acid/sulphur Vill ro petr n.p. 938-100", 
0-9). d: H, 10 C.,.H,,O0 res: ( H, 100°.) 
15.15’-Di(®x. 13-02 thd-14-ynyl) (1X 8x.13-Oxido-2-oxolabd-14-yne (92 mg), cupric 
acetate (200 1 ind rid er ited ler reflux for 20 product 
a cryst ed as need IX (78 mg) f ‘ ride ethanol, m.p. 258-260 40 
ic. 0-65 d: H, 9-95. Cy require ( H, 9 / CH.CIl,) 232, 
[ae 243, 254, 284 405, 410, 310, 134 
eg 8«.13-O ] l4-yne (VII Manoy xid 25 ; converted to the corresponding 
acetylene (Vila) b " t escribed for t rep t f Vilb. Distillation at 130°/0-1 mm 
7 3-05 5 ) 
gave Vil 10 | Found: C, H, 11-4 
require C. 83-95: H. 11-2 
8a.13-/ a 1-yne (X). Epimanoy! oxide (2-5 gave X (0-5 mg), subliming as prisms, 
I electron pact Lic ere carries ‘ Metropolitan Vickers Ltd. M.S.2. Mass- 
>k\ i t dea em SO eV pearance potentials were tained 
by kr hods 
icknowlede. I rt ks Dr. P. K. Gr for s gift of 2-on inoyl oxide 
Dr.G.O ff fora fep cide, J. M. W for vith mass-spectrographic 
measurements and Pro rR. A. Rap advice and encouragement . 
*R. J. Reed, Trans. §2, 119 
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FREE-RADICAL REACTIONS INVOLVING SULPHUR 
COMPOUNDS— III 


PHOTOLYSIS OF AROMATIC DISULPHIDES 


Y. SCHAAFSMA, A. F. BickeL and E. C. KOOYMAN” 
K i ratoriun An sterdam 


(Received arch 1960) 


Abstract—Dimesity! disulphide (MS-SM) proved to | i particular suitable m ympound for 


MS-SM presem tive hydroget no ich as 9, 10-dihydro- 


| 


found to decrease 


IN the formation of thiols upon irradiation of solutions ol disulphides,' the solvent ts 
generally thought to function as the hvdrogen donor.’ It has now been found, 
however, that thiols are also formed on irradiation of solutions of diphenyl! disulphide 
ce s their amount increasing with time (Table 1). The formation 

iophenol could not | letected | lark, however, even in the presence of an 


active hydrogen donor as, for examp! 10-dihydroanthracene. 


vo fur | 1004 (1948) 
°C. Wa g ar owitcl imer. Chem. Soc. 81, 1137 (1959) 
* See also Y. Schaafsma wn é hlad 54, 61 (1958) 


76 


investigating the photo-« 
: i int ene V tudied in a plurality of solvents. Generally, rate Constants were ee ’ 
Tarte |. Pu iysis or O06 iENY DISULPHID!I IN A 
NI STA RY 1 RESCH AMPS 
ee Solvent Duratio f rac S verted thio 
lo 66 l¢ 
Toluene 1s 
66 
Toluene 18-4 
Paraffin oi 66 9.3 
ee Mean equ ent v t of thiols formed 170 
Mean equiva t weight of thio 169 
* Present address I len University 
ae 
= 
4 


Free-radical reactions involving sulphur compounds—IIl 


Presumably, a light-induced rearrangement of diphenyl disulphide occurs, for 
instance by the following reactions: 

C,H,-S-S-C,H, —> 2C,H,-S- (1) 

C,H,-S: + C,H.-S- —> C,H,-S-C,H,-SH (2) 

C,H;-S—-C,H,-SH —> C,H,;-SH + (3) 

S-C,H,-S: + C,H;-S- > disulphides (4) 


This reaction scheme is supported by the mean equivalent weight of the thiols in 
the reaction product, which is 170, a value intermediate between 110 for thiophenol 
and 218 for the (0, p)-mercaptodiphenyl sulphide formed in reaction (2). 

It is obvious that reactions (2), (3) and (4) interfere seriously with the following 
otherwise appropriate—methods for investigating disulphide dissociation, viz. (a) 
photolysis in the presence of the stable free radical 1,1-diphenyl-2-picrylhydrazyl 
(P-),4 which moreover reacts readily with thiols;> (b) photolysis in the presence of a 
suitable hydrogen donor. 

We have succeeded in completely preventing reactions of type (2) by blocking all 
ortho and para positions of diphenyl disulphide by methyl groups. In dimesityl 
disulphide (MS-SM) therefore, we have a compound which is pre-eminently suitable 
for investigating the photo-dissociation of aromatic disulphides. 

In the present preliminary account of our work, some reactions with this compound 


are reported 


(a) The photon al reaction of dimesit\ disulphide ith the stable radical 1.1- 
diphe / yl-2-pi rvylhydra 
This reaction was thou nt lo pro inde daent chemical evidence of the transient 
existence of free thiyl radicals.4 The reactions occurring In this system are: 


MS-SM 2MS 
— MS-SM 


Presumably A k and with the disulphide present in large excess the decay o 
P- is given by 
In K- t+ [MS-SM]** In 
In accordance with this equation a first order decay of [P-] is found (Table 2). 


REACTION NCRYLHYDRAZYI DIMESITYL DISULPHIDE 


MS-SM] on 


[P-] [MS-SM] uration ynversion KV{MS-SM] 


(mmole/l.) (mmole/l.) 


0-092 2 1 the dark) 
0-071 20 Watt 
0-064 Z 8 Watt 
0-068 5-2 8 Watt 


‘J. A. Bar trop, P. M iV nd i } Chem ¢. 76, 4348 (1954) 
»K. E. Russell, J. Phys. Ch 


k 1 5 
(6) 
MS: Pp — product k (7) 
I 
| ON IRRADIATION AT 25 m CCl, SOLUTION 
A 
— 
> 
0-175 10 4-9 10-3 
| ~R0 0-33 10 4-5 10-2 


Y. Scuaarsma, A. F. Bicker and I KOOYMAN 


(b) Hydrogen abstraction by dimesityl disulphide 

Radicals MS-, produced photolytically from MS-SM., are converted into mesi- 
' ‘thiol, MSH, by reaction with a hydrogen-donor molecule, e.g., 9,10-dihydro- 
anthracene. HAH. Depending on the ratio of MS-SM to HAH one or two hydrogen 
atoms may be abstracted from the latter. For instance, employing equimolar amounts, 
a 77-5 per cent conversion of disuly le sulphur to MSH and a 83 per cent conversion 
of HAH was obta 1, anths ne (A) and anthracene—dimer (A—A) being the main 
products. By doubling the am« t of HAH-—other conditions being the same as in 
eld of MSH and the same conversion of HAH 


10,10'-tets jrobianthryl (HA—AH) being predominantly formed 


the for 
} =| 


Whereas HAH and HA-—AH proved to be stable towards the light used, A was 
converted into \ \ 


rated by using it 


lrogen donor. No 


lon el onverted ma AA 
AH t| [ als (generated from MSH by 


the torma- 


of HA 


well-known photo- 


nation of HAH by MS—SM may now be represented 


MS-SM > JIMS 
2MS MS-SM 
MS HAH > MS-H 
2-AH HA-AH (9) 
MS HA-AH >» MS-H (10) 
(11) 
HAH to MSSM of 


In this 
yuation (12) ob 
2k, [MS-SM] k.{MS:|[HAH] 0 (12) 


d{MSH] 
dt 


k.{MS-][HAH] = 2k,[{MS-SM] (13) 


kt In (1 x) (14) 


where x denotes the fraction of MS-SM converted to MSH. This photochemical 


hydrogen-abstraction reaction only proceeds if the wavelength of the light used is 


*P. Brui F. Bickel and E. ¢ Koovman,. R Tra Chim. 71, 1115 (1952) 
’ : . pkin, J. Amer. Chem. S 74, 1023 (1952): S. Sunner, Acta Chem. Scand. 9, 


joey 
prs 
78 
Sie 
: 
mie ' The possible action of A as a photosensitizer was separately invest (ia 
as an additive in at neriment with 9-methoxyfluorene as the hydro 
acceicrating intiuence was served, however = 
H AH Ci ict aS a nyadrogen 
2-Cyano-2-propy produced monomer:#ic anthracene Cxrxciu 
dimerization of anthracene 
The photochemical dehydro ¢ 
as TOLOW 
eal By employing a 
1. thiol formation was ! 
Bi case (8) competes effec ely 
4 by the hydrogen donor and 
a \ | S | 
‘ 
on 
ig 


Free-radical reactions involving sulphur compounds—III 79 


shorter than 5000 A, i.e. the energy of the light should exceed 57 kcal/mole of 


photons. In view of the strength of the S-S bond in disulphides which is estimated to 


be smaller than about 70 kcal/mole,*’? this seems to be a plausible wavelength limit. 


(c) Photo-dissociation of MS—-SM in various solvents 


According to (14) the rate constant A, of photo-dissociation of MSSM can be 
obtained from measurements of thiol formation as a function of time in solutions of 
MSSM and a large excess of hydrogen donor, e.g. HAH. Of course, k, depends on the 
intensity of irradiation I and should properly be written k, k,’.1. Since all measure- 
ments were performed under standardized irradiation conditions, k,-values may be 
used to describe the relative rates of tl ssociation reaction. Quite pronounced 


differences were found upon varying the solvent, tl gh in each case thiol formation 


SOLVCTIL 


dissociation and ability or dielectric 


constant. Generally, rat ynstants A,, were found to decrease with increasing 
kinematic viscosity of the solvent. Such a relationship seems plausible as the dis- 
sociation of a molecule is only complete when both fragments diffuse apart into the 
solution. Presumably, the dissociating molecule has to cope with the van der Waals 


forces in the solvent and actually, a fair correlation was found to exist between reaction 


23r 
Ne 
x 
4 
‘ 
= 
+ ‘ 
} 
‘ 
4 
| 
( 
was first-order with respect to disulphide. ( parison of many pure solvents and 
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rates k, and the activation energy of kinematic viscous flow, calculated from the 


Arrhenius type equation for the temperature dependence of viscosity log + 


log vy, + E*.,/2:3 RT, as is illustrated by Fig. |! 


Taste 3. RELATK 


; K 10 / kc < 
B 0-61 2-30 
: ‘ ) 
Br } ( 
Pr ) 1.584 
Th can rn nel to i r the egquilibt im constants ot the 
ne thermal dissociation of rn easured by Ziegler.” propionitrile being a 
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THE SEMI-EMPIRICAL MO-LCAO 


APPLICATION OF 
AND ANTHRANIL 


METHOD TO INDOXAZENE 


G. Det Rt 
RIAS. Balti 


Abstract 


> practically 


1 Structure 


arks induce al investigation 
‘lectronic picture of 
iterpretations of their properties 


pounds I and II, w 


about the cor 
these molecules and of deducing possible 
Il. METHOD 
nolecular z-electron states has been used 
letailed discussion of the validity and limitations 


The Hiickel approach to 1 
ents about its present position, especially with 


It is not intended here to give a ¢ 

of this method: however, a few comn 
respect to heterocyclic compounds, are appropriate 
Although an alternative procedure has been given,’ the separation 

+, University « 


between o and 


from Scuola di Perfezionament sica ca e nuc f Naples, Italy 
15, 2105 (1882); 28, 1382 (1895) 
arized by umberger, Ber. Dtsch. Chem. Ges. 36, 819 (1903). 


ebigs Ann. 437, 63 (1924) 

M. Friediger, Kel. Danske Videsk« k XX, No. 20 (1943) 
A 213, 102, 113 (1952). 
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Auwers, / 
4. Jensen and 


G. Hall, Proc. Rev. Sox 


; 
4 
i 
Maryland 
(Received 20 October 1959) 
3 ; mm —A discu t of a simple MO-LCAO treatment wit clu f overlap, of 
I 
the structur i b Alter 
i i few ¢ b ised yy O I rs are 
rel | | ene nd 
I. INTRODUCTION 
two poss Hie aoxa 1) ma anthnral 1 (Tl) ire Dot! Known. 
While indoxaz b bstant 1 bstituted isoxazole, anthranil 
is very reactive ol r 3.4 tuted xXaZOle lt ensil ty to 
carbonyl reage d yverers' to propose for it a lactam structure III, which, 
after a long and b lispute,- was fina proved, together with structure IV by 
means of optical inve YY T} stab ent of a benzisoxazole structure 
makes the prope of ant a a gica ) Of a pecuilar on dist! tion. 
This is also indicated by the fact that the dip oments of I and II arc 
equal notwithstanc the difierence in the skeletons and the 
which the classical formula for anthranil is bound to contain 
The n 
‘K 
6 4 


P 


‘ 


eT 


general connection 


ation to the 
tht of the 


ipproxima 


liso N.S. Ham 


f Tonic 
I. Chem. Pi 18, 365 150) 
WO-LCAO Meth Quantum 
Rep. No. 20 (1958) 


8? G. Det Ri 
states has been proved to be a reliable approximation.* The 
between the Hiickel approach and ¢ strictly mathematical approxi 
sropertics of ground ol oleculc¢ is been ed, both in the 
it F.-MO-LCAO lint ht of 
tions ding con! teracti is b concluded that 
‘ — nn nmriat ve lescription of 
a x ed. and others of a lar tvpe. howe have not 
und MO-LCAO ( CC tly, t are not especia uminating 
M atter point, one part ar toy s of interest here, 
na a Dewal Lo : 
p b better re is as well minati e serious 
tf the n of « p Hiickel calculations 
ind tl of 
il a a pic inca; 
NCLUSION OF OVERLAP 
if as n ne alt the cor nonding 
bond S lant e basic equatio f the MO 
LC AQ d F 
HC = (1 + S)Ce (1) | 
can De si ni be ent to an equation of the f 
H¢ Ce (2) 
P. G. Lyk R Pi} 24. 1166 (19% 
R.S.M 46, 4 
*R. McW } : \ 232, : R. McWe 1 T. E. Peacock, P Phys. Soc. 70, 
’M.J.S.D Soc. 53, 126 (19 About bond-orders scc 2 
ind K. R 29 12 29, 1232 (1958) 
"P.O. I 1. Chem. 21, 4% 
Als Wik Upr 1. Swed 148) 
Group of Upy a ersity, Uppsala, Sweden, Techn 
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if the connexion between quantities in (2) and (1) is [primed quantities refer to (2)]: 


(3) 


Anyway, sin 


| 
ood cha 


as § 

which has been suggested just t t] ipol ments of heterocyclic molecules, 

for instance isoxazole 
Two objections to the nis ne ymmmenis. | rst, the 


introduction of ‘inductive effects’ in \. has been criticized as being theoretically 


unsound.® Such a criticism seemed also supported by the remark that a Hiickel 


Hamiltonian corresponding to a more rigorous one does not show any increase 1n 


13, E. Orgel. T. L. Cottrell, W. Dick and L. E. Sutton, Trans. Faraday Soc. 47, 113 (1951). 


| 
x ; 
1+ Aa V(1 + + 
Ao. 
( ( (5) 
In these equations the symbols have the usual meanings of orbital energies (e,), 
couk b ils bond-int a { anda coenicient expal ) I the 
t] rbita itomic orbit Theu anc connected 
na ) b 1 dey a corres] nts 
[ 7 tro a em ¢ be 
nro Tae wit 
IV. PARAMETI S 
\ \ | us ink ferel para ter For atoms 
and \\ a tr 
(6) 
\ t! alt quantitic ell ce 1s a ell known, 
ments are fuifilied, the partic ir ¢ ce of the parameters not to portant. 
MEE). since we are interested both in considering dipole moments and in getting 
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parameters for carbon atoms surrounding a heteroatom. However, it turns out (for 
instance in the case of furan and anisole) that it is practically impossible to find a set 
ent molecules if 
nade by others 14 
‘inductive’ corrections 


point of view. One 


could 


th 


dipok me ecules are 
larger by a factor » than the ital valu a ter of fact, a correction 


in the paramet vould be wv e. However, the proportionality between the 


calculated and experimental moments stands in favour of the correctness of the 
‘relative’ distributions of charges: and, for our purpose, the absolute magnitudes of 
the latter are not important. As to the energies, they too are obviously dependent 
upon the choice of parameters but. even for these, we can consider their relative 


values, if a comparison between similar n olecules is our only purpose. 


’ B. Pullman and Pullman, Proc. Nat. Acad. S 45, 136 (1959) 


Pauling and G. W. Wheland j immer. Chen 5 57, ORG (1935) 


4 
|, 
s suggested annears to be rather well based from the empirical! 
was suggested appea 
gue also introduce a sort of intuit argument to justify this procedure. In the 
det p col ea ase. If a physical 
cal tO n.t itt 4 crated al center 
I | > ‘ ect a 1 to \ SUC a 
of t bours of ed Dit covale! stance 
that a > mit al t can atiect ire it Cas\ SCO 
now the al ca ‘ ) a 
i effect” is introd owever, it be remembered e al ents 
as the ab e cannot be tak and Dest justification for the form 
e573 given to the ‘inductive effect’ 1s that 1t works 
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car 
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The last parameter we must consider is Z (see section II): to it we have attributed 
a value of 0-25 because this value has usually been attributed to the overlap integral 


of the CC z-bond. 
V. RESULTS AND DISCUSSION 


The diagrams of Fig. 1 and Fig. ? show the results for charge- and bond-orders for 


isoxazole (as calculated by Orgel et al.) and for the two molecules under study here. 


» results about energies and dipole moment 
We shall fi f all discuss gi then the structures of the molecules under 


study in the gn f results about dipol I 1LS, nars and bond-orders. In 
another section we shall these results 


nd adeloca 


use OI alculated for ground states of molecules 
the se COI! itl is between 


additional ata to make such 
comp: mtains (a) total calc lated energies, 
(b) delocalization ries, (c) delocalization ergies per electror 
According to DY rel ai.. nave id troduc 


calculated as the 


resonance 
energies, but have 
differences between e electrons 
to the Various alo ng the 
latter ener: ince we consider 


it as an effect of th 


The introduction of 
We have calculated the 
of electrons, with the purpose of co1 


tities. rse. 101 rictly lat xperimental 


ber of 


7-electrons These quan 
e taken asa 


qual Lies, wy are 
ndent of the 


nea of the degree of d 

nun if electrons 
lable 2 it 

is rather poor: this 


cyclics 1s always Ss! 

tion energy of isoxazole 1s ly slight 7 I an tl itadiene. As to the two 
molecules under study here, Table 2 shows that tl ic nature is enormously 
increased with respect to isoxazole, au f the 
unit. The fact that anthranil appears to be 


butadiene bridge linking two 
adjacent carbon atoms of the isoxazole 


less stabilized than indoxazene clearly corresponds to the prevailing quinoid structure 


of the former con pound However. it is remarkable that the difference in delocaliza- 
tion energy pet electron between the two benzisoxazoles 1s quite small, compared with 


the variation of this quantity when two isolated double bonds are allowed to interact 


(cf. ethylene and butadiene): this is an indication of the high weight of “ionic” 
Table 2 also 


structures in anthranil, as can be seen also from charge distributions. 
indicates that the increase in delocalization energy per electron from cyclopentadieny!| 


to benzocyclopentadienyl is much less than the corresponding increase from isoxazole 


16 | Fieser and M. Fieser, Organic Chemistry. Reinhold, New York (1956). 


{. 7otal energies 
by 
| 
ener: es per ¢ ectron deserves some CoO ents. 
Pa a ie whole delocalization energy by the number 
diately seen that the degree of delocalization of isoxazole 
irprising, since the aromaticity of five-membered hetero- 
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to anv of the two benzisoxazoles. This is but one more example of the well known 


stabilizing effect of condensed benzene rings on heterocyclics. 


on enervies 


‘+r conclusions can be drawn from Table 2, the figures given there do 
sumerical data. because they give no insight into 
and those of their “‘*building 


ical theory of reactions bases 


energy of XY and the 

he energy needed to suppress 

and gives an indication of the 

XY,, XYo, XYzg, ete. 

he significance of such a quantity 1s clear if one considers the importance a 

reaction involving vhole unit can have for chemists—for instance, the oxidation ofa 

polynuclear hydrocarbon. A quantity sin ilar to these partial localization energies 

has been introduced by Brown" with respect to one bond, and hence called “bond 
fixation energy.” 


17 R. D. Brown, J. Chem. Soc. 1951 (1955) 
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Though ot! 
the relations Ip 
ak. blocks.” on whose properties most of the purely chem is 
| | ‘ N ENERGIES 
‘+ 
4 | 
| 
its Int K101 further iboration of the results about energies 
n | 1 by delining a é ation energy aS Tollows 
, 
Let t icc tudyv be formed of two units, X and Y. linked to each other ; 
lin tial In lization enerev of the 
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As to the figures given in Table 3, the following remarks are important in connection 
with the present purpose: 

(a) The 3,4-bond of isoxazole is more stable than the 4,5-bond, and indeed 
almost as stable as a CC-bond in a cyclopentadieny]l system. This is not surprising, 
since it corresponds to the fact that localizing the two z-electrons of the 3,4-bond 
implies leaving a system whose only possibility of delocalization depends upon the 


tendency of oxygen to share its 2pz lone pair, which is obviously not very strong. On 


TABLE 3 L LOCALIZATION ENERGIES (unit 


the other hand, fixing the 4.5-bond would le e molecule with an oxime system, 
which is comparatively stable 

(b) In benzocyclopentadienyl the benzer ns very stable, even 
more stable than benzene itself - large amount of ‘extra resonance energy’ with 
respect to any two component units explains the fact that all units appear to be very 
stable. However, the cyclopentadienyl unit is less stabilized than the benzene unit, 
with respect to the isolated molecule. This situation is entirely reversed in indoxazene. 
In fact, while the benzene unit still appears to be deactivated, the isoxazole unit is 
much more stabilized with respect to isoxazole itself, and this is in agreement with 
experiment (vide infra): the isoxazole unit of indoxazene is comparatively stable. 

(c) As to anthranil, it shows two interesting facts: first, the isoxazole unit is 
much less stabilized than the benzene unit; second, the latter appears to be more 


stabilized than in indoxazene. This is already a first indication of the peculiar 


reactivity of anthranil; we shall return later to this point. In the same connection, 


bn 
) 
Compound Fixated part Energy required 
: Butadien ( C bond 1-275 
Cyclopentadieny! ion ( C bond 2:718 
Isoxazole 3.4 2-670 
15 ? OU 
CNO unit CNO 2-160 
CON unit 2-160 
Benzen ( C bond 2-492 
‘ 
dD i + f 
Benzocyclopentadieny! ior CCC 2-922 
) e unit 3-981 
d. ring 5-414 
fh 
Indoxazet CNO 2-014 
‘ 1.19 
1-505 
6-0) 
Anthra CON 
hit 
’ 
‘ 
sO) 4. 
eT 
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the CON unit of anthranil shows an enormous increment of stability, 


state. although it remains | 
ily modified, with respect to its 


we note that 
ess stable than in isoxazole. 


with respect to its ‘isolated’ 


This shows that its properties should be profoun 


isolated. extremely unstabl 


but that it should also be 


, more easily than isoxazole reactions which 


CON unit 


ess stable than in isoxazole. 


In other 


my 


ver’ surprising, 


two 
tact, the 7 dipole 


both le and 


f the three compounds under 


It is instructive 
study in connection wi! An inspection of 
the charges in isoxazok effects are superimposed in the a-system 
of this compound tendency of the charges to alternate, the other 
is the tendency of the electrons to concentrate on the nitrogen atom In such a way that 

etrical around the axis passing through the 


mr 


the charge distribution tends to be sy 
That the resulting charge 


Se Lett., Classe Sci (1955) 


nitrogen atom distribution ts not an accidental result of 


Pino and G. Speroni, Rend. Lom 


| 
| — 
state 
words, anthranil should und 
ma olve cleavage of one bond of the 
/ } pent! 
| troduction to the present paper, 
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| 1) ‘ ) 
id 
h pi ict cally 
st 
| 
ately Si 
ba formula, so that 
for tl tat ation 
shee tof t stion of both dipole 
nterest and Table 4 
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mor! nt anthran! actualy arger tna nat 
indoxazen¢ 
dD. Charge distripunenm 
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the rough approximation used to derive it is shown by the fact that the direction of 


the dipole moment found for isoxazole agrees very well with experimental results.” 


Therefore, we can reasonably believe that also for the other two compounds the 
situation is correctly described by the charge distribution given in Fig. 1. In indoxazene, 
the tendency of the charge to be syn metrical around the longitudinal axis passing 


through nitrogen is even more marked than in isoxazole, as is shown by the direction 


One UNUC 
ring, which is z 
anthranil, 
isoxazole 
differences in alization energies « 
of negati harg mall that we ha 
make the difference evident. However, this ts 1 


especially in five-membered rings, this high sensitivity of energies to charges is the rule. 


Bond orde 


As to bond orders, there appears to be no easy way of connecting them with 
localization energies, also because, as we have pointed out in section lll, they have 


no direct meaning if overlap is considered as important, CACC pt in a Very rough way. 


1° G. Speroni and P. Pino, Gazz. Chim Ital. 80, 549 (1950); 82, 269, 285 (1952); 84, 760 (1954) 


an 
| 
§ 
3 + N + 
pe ae of the z-dipole moment This 1s also true for bond orders, v ch, except for the 
eS CNO unit, are ess« illy syt trical. In anthranil a quite different combination of 
fog. a : the two effect found. While e bond orders are metrical around the main 
longitudinal axi hus support ul damental quinoid structure of this Ddenz- 
ISOXKAZOL tne cna very uch rated on the nitrogen alk IS alsO 
that d af NI hond incre the 
corresponds to the fact that pond oraer oO e CN bone ncreases tne 4 
4 cl irge ot nitrogel ay De col agered ast e Huckel equi nt of the introduction 
ol mic Structures WHIC would De required if resonance theory were applied to 
: 
CX] l ine a LLICILY a 
ee : It is also useful to correlate the partial localization energies given in Table 3 with 
the molecular diagrams of Fig. 1. 1 xazole unit 1s sti by the condensed 
benzene ring both in indoxazene and In anthra! but more the former compound 
than in the latter Ihe stabilizing effect of the benzene ring, as we have pointed out : 
before. is a well-known effect: here we only note that, at first sight, it sec to have 
very little to do with the charge distribution. In fact, there Oo appare general 
increase in bond-orders and no levelling of charg n passing tro! oxazole to its 
| | ro » le 
two benzo-derivatives. However, if one considers the overall charge on oxazole 
In fact. the charge on the tsoxazole 
O21 in indoxaze! and io in 
sal 
sequence indoxazene-—al ranil 
It certainly remarkable that 
14 
Z nouid COTTeEsM tO afi CACOUSS 
to use ai figures to 
urprise if one considers that. 
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However! ti all ve dis ibution shows how close the Structures of indoxazene 


and anthranil ; ( j cal structure me ca ay compounds. 


VI. REACTIONS OF INDOXAZENE AND ANTHRANII 


Even if many objections can be | he use of charges, as calculated by the 


naive Hiickel method, in discussing reactivities,~ the intuitive electrostatic model of 


G. Del Re, A Lime 
S. Califano, R. Moccia, R. Scar ar Speroni, J. Chem. Phys. 26, 1777(1 ) (1957) 


R. D. Brown, Quart. Re 


P. Grammatica y Fr. V8, 101 (1941) 


In indoxazene. the benzene ring appears to be mainiy tn its normal KeKkule structures, 
excent for a tant tribuit nart f a guinoid structure which is 
systen it is remarkabic at there appears to be a very wcalized CN bond, more “+ | 
. 
™ 
ring a CN! nstead thi airee t Cor ated system 
is substa that of | ce 1).\ pects indes r\ ar to j 
that of doxa7cen¢ conc pported e remark that the efiect of 
oxyge! en cor ated to a ] p ou a NC bond is to increase the eae 
bond order f+} CN h d a a st vy of benzo rioxide as com- 
pared to bx nitrile b [ Huckel ca ations and supported Dy the experi- 
In ant ( é tructi ippears to be favoured in our 
molecular diagra Subst a < parisol oxaz shows that two 
eflects are sup posed yp (a) the typical delocalization of an 
leading to; creas NO and CO bond orders. a a decrease of the CN bond 
orde! ihe latter etic correspond e fact thi aromat and practically 
no stability as a ring ' d be expected for anthrat f ‘ oid structure 
: were not Dal cm re of ili inrol | atom 
This also mea that [ the appears to be such a ¢ vation, the present treat- : 
nent act tht w estad d structure Il for the anthranii molecule. 
me at 
It is also terest rto!l that in anthra! the partia calization energy 
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ereat a u f cor ch is needed to stab e the CON unit. For the 
Same reason a smalk pa il deloca ation ene COTTE ponds to the unit 
of anthrat as compared to that of indoxazene 
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reactions appears to be rather consistent with experimental facts (as far as ionic 


reactions are concerned), when they are used only to predict the direction of a certain 


reaction will take where large differences in atomic charges are found, as it happens 


in compounds containing heteroatoms. Therefore, with some reservations, we shall 
use them to discuss a few reactions of the two compounds under study 

The preceding discussi rs ind bond-orders has shown a few general 
points. In both mpounds the Kc y i ractically localized in the isoxazole 
ring. the CNO ut 
whi the CON 
Therefore, t! 


reaction~ in the 

atom by indoxazen 

for this mechanisn semi-theor 

of the carbon atom adjacent to nitrogen 

cleavage of the C,-H bond, and, while ton V in itsel 1ot be expected to be more 
stable than I, it certainly has a smaller proton affinity than the OH™ ton, thus making 
the reaction I —> V very plausible. 


#43. Meisenheimer, P. Zimmermann and U. V. Kumm 
25 G. Speroni and P. Pino, Aft iccad. Lincei VU, ¢ 


sensitivity to many reagents of the part of anthranti are indicated Dy Our previous 
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1. 
ment a ) ) | 
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¥ 
, r, Liebigs Ann. 446, 205 (1926) 
R 25 1949) 
we 
| 


G. Det Rt 


One can also predict that, given the higher positive charge of carbon 3 in indoxazene 
with respect to Isoxa role, the ge In question should occur more easily in the former 
compound, i.c., for instance, ower pH 

lves only a rearrangement of the ion V, 
energy involved. 

because ion VI 1s 

only 


semi- 


33 kcal/mole* 

ole than 

\ IS 

are practically 

ame order of 

ve charge, 

rative charge actually 
ion the repulsion 
tive, makes a 


tne opening 


others 
reactions Ol the 


he charges of 


ibstituents 


s not the 


her with 


This kind of tautomerism implies the formation of an ton similar to ion V [see (A)] 


which. in strong alkaline media, might rearrange to another ion IX which should then 


G. W. Wheland nance rgar ’ p yhr vy. New York (1955). 


(1954) 


soxazoles is to be found in the 
work of A. Qu fa i y Ga 


2° ©. Schmidt, Ber sch. Chem. Ges. 36, 2459, (1903) 
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: 
short-lived intermediates, it 1s interesting to examine this point in the ght Of =z 4 
empirical Cait auions if the efiect of negative Charges on coulon b integrals 1S : J 
negiected, the energies Ol V and VI are 102 and 102 
12-1808 respectively, so that the difference ts in favour of on V for 0-05 If, just for 
the sake of a better interpretation of this figure, we give p a val ai, 
we have that the 7-syst n V should be ore stable by a 
that ol V. Eve me considers the fact that n Vi ‘ 
replaced by a C-—N bond, one is that the energies of the t ; ns. 
magi UGC heret one does ot co ager 
neither of the two ions is actually favoured. However, the n 
g between the phenate oxy and t trile nitrogen, both hig! =. 
ring closurt probable. w ea Si ar reason should favour very much 
of the ri nion 4 
As alte point 4 ul tne re icl So tal sed. as ‘ 
ingdoxazene dgergoes, 1S ostantially ar to the corresponding j 
isoxazole \ no substituents posit } as a comparison between (iii eink 
isoxazole and indoxazene (Fig. 1) diatelv shows is 
» 4 
B. Anthri 
f ant t. First of xazo 
Case l ( CTC l OXAZOICSS a Sl 
case of anthranil' as has also been deduced from Table 5 This rem oct 
the fact that the charge of carbon 5 of the 1soxa ring in the latter compound 1s 
even higher than the charge of carbon 5 isoxazole and indoxazene, supports the 
suggest many at o al that al ral he hydrogen Delonging to 
ine Xa nit iS lad (ne should egest a tautomers at icast 
potential—of the type (B) 
‘ N 
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behave as a ketene derivative; this could even undergo a further rearrangement (C) 
leading to the formation of a four-membered ring of the lactam type. Such a 
rearrangement would just give the ion corresponding to the structure Ill proposed 
for anthranil for its discoverers.' The reason for suggesting the existence of X, as a 
short lived intermediate, is that ions with a negative charge localized on a nitrogen 
atom are not very likely. However, it must be noted that from an experimental point 
of view it is doubtful whether it would be possible to distinguish between IX and X, 


the question is only 
inisms. From the 
tive charges on 

ire found to be 

we evaluate the 


‘and of the preceding figures 


E (VIII 1X) 


formation of a str 


reactions which UNGCTL eadily than especially those in olving 


either the nitrogen atom or the ketene group. Therefore, the following scheme for 
the formation of anthranilic acid (XI) from indoxazene in strong alkaline media seems 
to be quite plausible 

Among the many other reactions of anthranil, we shall discuss here only one, 
which has been a very important point in the dispute about its structure * This is the 
addition of hydroxylamine to anthranil, which obliged even those who supported the 
isoxazole formula to agree that “‘the aldehydic character, although not typical of 
anthranil as such, is to some extent latent” in it.” 
From the point of view of the semi-theoretical treatment, what is really important 


in this connection is not whether anthranil contains a carbonyl group, but whether it 


© FE. Bamberger and E. Demuth, Ber. Disch. Chem. Ges 34, 4015 (1901) 


bye 
. 
/ 
Cc 
N 
i since both are to be considered as short lived Cl ediates: 
rs: interesting in connection with the formulation of reaction m«¢ . 
‘ — semi-theoretical pt nt of view, 1f, aS usua we negiect the efiect « 
coulomb erals, the energies of the ystems of VIII, [IX a 
being taken again as 33 kcal/mole’), we find 
CSS 31 kcal/mole; 
E (LX > 1X) 25 kcal/mole; 
E (VII —X) 6 kcal le 
F 
Therefore, all reservatio ade about the validity of these figures, we are led to 
assume that the most probable form of the ion in discussion here 1s e form IX. Here 
again. however. we must remark that it is extremely probable that 1on X, once forn ed, 
is extremely mor ble than LX for a reason our calculations have not taken into 
account. i.e. the possibility the negative irge of X has to spread over the whole 
molecule. which should make X much less reactive than LX. Curiously enough, even 
this consideration leads us to consider LX as 1 most appropriat termediate for 
the reactions in alkaline media, since we can assume that the unimolecular step leading 
to the  «sst1 1 ring sucl ; the lactam ring is slower than other 


which corresponds to the product of a simultaneous nitrosation and oxidation 


31H. Meerwein, O. Fuchs, H. J. Sasse, lt and [ Ber. Dtsch. Chem. Ges. 89, 2060 (1956); 


ger and J. Lu ! ! 2 1909); see also A. A. Morton, The 
Heterocyclk un +26 ray | York (1946). 


: 
94 G. Det Re 
re) 
C 
N N 
0 
Aled NH 
¥ 
p ince should be 
H l irbon = 
NOH 
H 
‘ 
i! Dat tial in order tnat 
‘ ‘ fay we } w. about tl property of 
anthrat be ela e basic prop es of 
anthra ts al i dia \aNQ, a stro iiphuric 
proceeds through the f ation of a nitrosop yihydroxylamine derivative, XIII. ; 
NOH 
N 
CHO 
XU 
32 
- 
Chemistry 


An application of the semi-empirical MO—-LCAO method to indoxazene and anthranil 95 


VII. CONCLUSION 


As we have already mentioned, the naive Hiickel method is not only open to very 


serious theoretical objections, but is far from having reached a well determined status 
as an interpolation procedure inspired by the formalism of quantum mechanics. 
lherefore, in a research like the one we have presented, two aspects are bound to be 


present: the particular application of the method as a scheme for correlating properties 


of certain compounds to each other and to those of other co1 pounds, and a critical 
analysis of the “theoretical” quantities used to get such a correlation. 

In our particular case, we have tried to reach our main purpose that of inter- 
preting in terms of a general scheme the properties of indoxazene and anthranil 
by using only a limited amount yf n . in order to avoid the risk of 
introducing too many definitions 

The conclusions we have reac! 

(a) The co ipara vely good § azene anth vil is predicted 
in our results and is 1 ttributed to the stabilizing ef f the benzene ring 
condensed to the 

(b) The pecullal isoxazole 
derivatives, are correctly int eted in the frame of the method used, under the 
assumption that anthran 

(c). The react 
for their z-electron 

These conclusions are! n fa i-gualitative nature, and tl not surprising, 
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es, gave complexes whose / values were all 


though differing much between themsel\ 


within 20 my. It is now possible to list a similar set of data, namely for the complexes 
of various acceptors with hexamethylbenzene in carbon tets de solution, in 
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those obtained in carbon tetrachloride solution. Use of the former solvent is ad- 
vantageous In its greater transparency and in that complex formation is more favoured 
than in carbon tetrachloride 


The plots of equation (4) are given in Fig. 2. Equation (4), being linear, implies 
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equation (5) appear if the electron donor is only weakly effective. This is seen in the 
plot of » for the complexes of the weak donor toluene (I 
against v for hexamethylbenzene complexes (Fig. 3). 
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etc. the bathochromic effect should decrease with increasing length of the substituted 
conjugated system. However, in the case of a terminal vinyl or phenyl group, the first 
factor, i.e. any change of polarity of the absorbing system, is of little or no importance, 
and could be expected to become apparent only in the case of other, more polar 
terminal groups. 

It was, therefore, thought to be of interest to test this view by investigating the 
differing effect of such polar terminal groups on the position of the K-band as the 
length of the substituted conjugated system increases. A series of p-substituted 
p-terphenyl compounds have been prepared and their -ctra in ethanol and hexane 
determined. The results have been compared with those ained from the corre- 


sponding benzene and diphenyl derivatives. This data can be ‘nin Table 1. 


DISCUSSION 
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This shift is characteristic for all systems in which the fluorine atom is at the “receiving” 
end of the electronic migration, e.g. for p-fluoro aniline and p-fluorophenol. 

This reversal of the solvent effect in the halogeno-substituted diphenyls as com- 
pared with the benzene derivatives is due to the electron shift in the ground state in the 
second C,H,—C group induced by the introduction of the halogen atom into the first 
phenyl group. This electron shift increases the polarizability of the system (C,H.— 
C,H,—Hal) towards the halogen atom and reduces it in the opposite direction 1.¢, a 
reversal of the relative polarizabilities of the overall absorbing system has occurred. 
The blue-shift due to the fluorine atom has been attributed to an appreciably smaller 
polarizability of the C-I electrons compared with those of the C—H bond. 

rhe present investigation shows that, in agreement with these interpretations, the 
electronic migration in the p-halogeno-p-terphenyl series is in the same direction as 
that in the p-halogeno-diphenyls, i.e. towards the halogen atom. Again the fluorine is 
responsible for a blue shift and the K-band appears at longer wavelengths in the more 
polar ethanol than in hexane. As expected, the displacements are smaller than in the 
p-halogeno-diphenyls. However, the contribution of the polarity factor is indicated by 


the smaller decreases in ethanol as compared with that observed in hexane. 


(d) The effect of methyl and ammonium groups 
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DISCUSSION 
(a) Spectra of p-nitro derivatives 
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nitro group into benzene and diphenyl, to give nitrobenzene and p-nitrodiphenyl 
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C-NH, electron system towards the amino group which is, again, smaller than in the 


opposite direction. his results in moderate displacements of the K-bands to longer 


wavelengths (20-117 A) which may be compared with the much greater effect of the 


first amino group (240 


(d) Spectra of p:p-nitroamino compounds 
The maxima and intensities of the bands of the itro- | the p: p -nitroamino 


derivatives o lution 


and, ; lat lubility all s. in hexane s« il n are si able 5 p:p -Nitro- 
aminoquaterpheny letermine nd thyl formamid he displacements (D) 
due to the introduction of the amino grout to the nitrobenzene derivatives, the 
displacements (D’) observed on the introduction on the amino group into the corre- 
sponding hydrocarbons and the difference between these displacements (D*) are also 
shown. 

The latter values (D*) give an approximate measure of the enhanced polarity 


resulting from the interaction of the terminal nitro and amino groups of the con- 


jugated system. 


‘ 
Substa S x H xX NH D D D* 
\ \ 
O.N x 
3 x 
24 139 
| 1090 23,000 69 245 | 445 
| 175 30 945 
¥ x ( HH) 240 420 
H ) 1640 ) 44 150 290 


116 


R 


W 


BERRY 


BRock 


It can be seen that the polarities « 
the corresponding p-mononitro 
reinforced electron-shifts within U 
direction of the effective charge mig! 
arrow I\ 

IV. OWN 
They are responsible ( sed 

It is interes 
pe ypone SVSI 

Eve ore s ficant is the f 
spl | ne ne 
nite terphe (3580 A 
b K pec 
decre 
the same ae! 
sion of polar effects 
that henyl group. It 


sath a } 
potn adouodie and pic 
‘ 
( 
a the i 


if 
hr, cooled 
r, and 
anhyd s sod 
rysta at ire 


(Found: C, 75:3 


Pp 


Ruggli and F. | 


Pfeifier and S. Sern 


i 
cK 
{ 
) 
; 
» ren 
extrac 
cul | 


EHURSI 


ep 
. >» 


C,,H,NO requ! 


18 (1938) 


hem. Ges 


I 


und the late A 


44, 1108 (1911). 


BURAWOY 


h 


rreater than those in 


respectively The 
§ comciae Wit the 
7. 7, | th | 
dicated by the long 
oO 


(3400 A). The 


pheny 
e etiect Que tne 


es KOH pet ole dK ride 
xed 
100 cx is added 
ere dried over 
10-9? 
flakes of m.p. 121-122 


‘ 
amino-derivaluly 
tion ¢ e ransition as 
(CH—CH)»—NH 
ae 3775 A for; nodiphenyl, and, in 
— sh that rans sion 
fot ds groups | 
EXPERIMENTA 
th a Hilger E3 « Spekh 
a 
| 
q uve 
red p ites OL M.p. vi H. 4-4: 
requires: C, 70-6; H, 4:2; N, 1! 
p-Nitrotolane. A solution of 5 m 
bene dichk CC | 
ae nd filtered chloride. W 
phate Re gave a ye 
n light petr ) gave pale yellow 
N, 65. Eres: C, 75-4; H, 40; N, 
ang, Hele. Chim. Acta 21, 
| 


Electronic spectra of organic molecules and their interpretation—VII 


*) was added in smal 

Conc. H¢ 4 ¢ 
betweer throug it the addition. St , 
Dil. H.SO, (2 


oa portions to a solution of p-nitrotolane (0-1 g) ; 
s added droy wise, the temp ng maintained 
oo tinued for 2-5 hi d the solution filtered 
separated Basificatu with sodium ydroxide soiution aflorded a white precipitate Crystallization 
fro iqueous ethar a te needles m.p. 127-128 (Yield: 0-05 58 (Found: C, 87-4: : 
2 H, 5-6; N, 7-1. C,,H,,N requires: C, 87-0; H, 5:7; N, 7:3 
Dinit lissolved pyridine (200 cc) and a 
por er reduced pre e, af ed Yield: 6°5 )2-7°.). Crystal- 
li \4 ( 73-9 4:8 N, 9-5 
C,.H..N.O ( +4: H, 4-8: N 
j \ ge D a I 
( ryst | ? 4° 24 y eld ? 4a ) 
(Found: C, 83-3: H. 63. C,.H,.N. re ( H 6-4 
p-\ \ | 20 cc) 
from ) 45° dec Yield 6] (Found 
C, 81-0; H, 5:2; N 6. C.,H,,.N.O. re H, 5 N, 7°8 
ick ts—Grat ch e Departme Scientific d Industrial 
Research for 1 R.W.H.B dto Mr. B. Manohin 
H. France, |. M. H D. H. H ( 64 38 
J. Harley-M ) M ) 


Tetrahedron, 1960, Vol. 10, pp. 115 ¢ 2 n Pr td rinted in Northern Ireland 


ELECTRONIC SPECTRA OF ORGANIC MOLECULES AND 
THEIR INTERPRETATION—VIII* 


THE ELECTRONIC SPECTRA OF THIOBENZOPHENONI 
AND ITS DERIVATIVES 


\. B 


Abstract 


K 


indicated in (a 


(ii) An R-band of lo $990 ¢,... 185) characteristic of the thio- 
carbonyl group 


* Part Vil 


+ Present address: Basic Research Department, Thomas Hedley, City Road, Newcastle upon Tyne, 1. 


ad 
he 
P. BRock te 
( S Tec 
H-b R R 
— x—< CiP Hit VieO. NM 
NTRODL ¢ ON 
\ rg ‘ p ds 
R ys nt 
cp 
on the position R 
| spect! wen ein ethanol s VS three regions Of adsorpuon 
(i) A K-band of tensity | A 3165 15.6 whic ates 
in a transition n eon ration aiong the conjugated sysiem as 
= Dr Ss 
10, 
118 


119 


9000), 


a ae Electronic spectra of organic molecules and their interpretation—VIII |__| 
An rntion hand at much h ter wavelenoth 2250 
(111) n aosorpuon at Mucn SNOTter 4 23s 
the origin of which is uncertain 
eae The B-band? corresponding to the 2600 A band system of benzene is not observed : 
Lo as it is masked by the K-band absorption of higher intensity. The K-band (as will be 
chown later) muet h neiderad as { tran- 
_ sitions aiong the two conjugated systems present in the moiecule 
2. K-bands 
zopnenone in et GIsplace nger eieng the spectra OI p-met XV, 
a (Ph where X=OR, OH, NMe., Ph,C 
ine ceme ec ing 
system 1S crease the eater 18 the C the A-0 concel ‘ nger 
Waveiengtns. | ce cre Ba ed Syste lac ate 
SVS Les 
senarated 
> 
x 
[The spectra I the investigated p-n sudsuututed phenone cerivauves al 
show either two separated K-bands o1 nhexion super posed on the more 
1 I \ Bra < 42. 4s 
B vand E.S Soc. 2557 (1955): A. Buraw J. P. Critchle 4. R. Thompson, 
Tet i 4, 403 8 
ag 


120 P. BrockLenurst and the late A. BURAWOY 


pronounced K-band at longer wavelengths. Their maxima are given in Table | where 
they are denoted as K, and K, bands. This is analogous to earlier observations” that 
the spectra of p:p’-disubstituted triphenyl-methyl cations show two K-bands which 
can be attributed to transitions involving an electronic migration along the axes of the 


two conjugated systems present (ce) and (1) 


the 


K-band 
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thiobenzophenones appear at nilar wavelengths to the K-band of thhobenzophenone 
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+ OOO 
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It is probable that the hypsoc! 


from a somewhat greater effect in the Ar bond than in tl nkage. The 
participation of the electrons of f the 
transition will also make some contribution, but the resultant effe hould be rather 
complex and would need more extensive investigation. 

However, the observations of two K-bands in the mono-substituted compounds 
indicates that in the excited state the direction of the electronic migration in the side- 
chain phenyl group is away from the thiocarbonyl group.‘ 


* A. Burawoy, Ber. Disch. Chem. Ges. 63, 3164 (1930); Tetrahedron 2, 122 (1958). 
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Structures of the mono-acid cations of 4-aminoazobenzene and its derivatives 


Azobenzene in aqueous ethanolic solution displays a strong absorption peak at 
and designated 


320 mu. This has been assigned to a transition of the 7 —> 7* type- 
the K band. The K band of 4-aminoazobenzene arises in the 380 mu region in the 
same solvent. The K bands of the N-substituted compounds have their maxima at 


even longer wavelengths, 410-440 my, bathochromic displacement being a result of 


the conjugating power of the amino-group with the azo linkage. In solution of 


sufficient acidic strength to ensure in each case that the compound is present entirely 


as the mono-acid salt, no absorption maximum appears in the 400 my region. There 
is instead one band in the 500-540 my region and another at approximately 320 mu. 
The intensities of the bands. designated O and K’ bands respectively,'' were found to 


nium 1ons 


On the 


nse absorb 


rpuon 


iddition to the dimethvlamino group." 4-Dimethylaminoazobenzene meth- 


as nea the Quaternary a monium 


iline N-oxide (1V) s 


Furthermore. 4.4’-azoanisole as the free base shows a K band at 350 my and its mono- 
acid cation, presumably existing only in the azonium form, exhibits a strong Q band 


at 500 mu, but no K’ band 


The inverse relationship between the intensities of the Q and K’ bands shows that 


11) and the relative intensities of the 


the cations exist in equilibrium mixtures (1 
tal 11.12 


itomers present 


peaks measure the proportions of the 
f the aromatic nuclei of 4-dialkylamino- 


Effects of substitution in various positions 0 


azobenzenes provide additional support for the tautomeric equilibrium theory and 


-azo nitrogen is the atom bonding the proton in the azonium 


clearly indicate that the 


4-Dimethvlamino-3-methylazobenzene” in acidic solution shows no absorption 
In this case it is obvious that 


in the 500 mu region. but a very intense band at 320 my 
the 3-methyl group prevents the dimethylamino group from assuming coplanarity 


735 (1953) 


1 P. P. Birnbaum. J. H. Linford and D. W. G. Style, Trans. Faraday Soc. 49, 
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= 
all 
vary inversely as substituents were introduced or changed 
The OQ bands. being at tong waveicng ave Dec itt ited ihe 
a in whicl gh degrees of resonance-stabilization are apparent (la <-> Ib) 
a ee ; other hand. the K’ bands are associated with the ammonium cations (II), essentially 
ae as for the reason that they lie in the same region as the K band of azobenzene. 
{oe It is well known that ar ind N-substituted anilines in neutral The 
Paes te characteristics of t ns are very ilar to those of benzene. If Il were 
ao an the structure of +-al oazobenzene mono-acid cation its absorption should be 
eo similar to that of azobet n neutral solution. This reasoning is augmented by the 
> a following facts. 4-Dimethylaminostilbene in acidic solution has an absorption 
ae spectrum sImost identical with that of stilbene in neutral solution, as expected from 
how very similar spectra to azobenzene 
+ 
N N NMe s 
0 
Iv 


Lewis 


with the aromatic nucleus, thereby restricting its mesomeric effect. Addition of the 


proton in these circumstances appears to occur only at the dimethylamino group. 


3.5-Dimethyl-4-dimethylaminoazobenzene behaves s 

Compari f the spectra of the 2- yl and 2’-methyl derivatives of 4- 
dimethvlaminoa; under acidic conditions” indicates that the proton 
does attack 1 -azo nitroge a the 2-methyl compound 
displays an int ) band and a wea nd tron band and weak Q band 


are shown the 2’-methyl con und nethyl grou ubstituted in the 2-position 


in support of the tautomeric 
from other sources 
ruments advanced in favour of proton-addition solely at the /-azo nitrogen 
or the amino nitrogen atom are not so consistently logical. In many cases the inter- 
pretations are unsound because insufficient experimental data have been considered. 


Those workers who have maintained that the mono-acid cations possess only the 
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azonium structure have failed to recognize the significance of absorption in the 320 my 


region.” 
Exponents of the opposite view have based their conclusions on various types of 


experimental data. McGuire ef al.® proposed, after comparing the absorption 


spectra of azobenzene, 4-dimethylaminoazobenzene and Methyl Orange in neutral 
and acidic solutions, that protonation occurs only at the dimethylamino group. It is 


clear, however, from the incomplete absorption curves published by these workers 


that the critical peaks in the 500 mu region were ignored. Their interpretations may 


therefore 
laffé® concluded that the Hammett reaction constants 


lary ionizations of 4’-substituted 4-dimethyl- 


relatins he imary and second 


(p)*! 
aminoazobenzenes (VII) he first proton becoming attached 
to the dimethylamino group and ‘cond proton tothe azo-linkage. The primary and 
secondary reaction constant d were p, 0-55 and ps 1-35 spectively. 


Klotz « it the first proton 


dimethylaminoazobenz amino group [ron 


of the pKa valu izobenzene ( thylam enz 
dimethylaniline (5-1) d 
ton 


‘ 
group in 4-dimethylaminoazobenz should 
limethylamino group from 5-1 to approximate! the latter value being given 


as correct for p-nitrodimethylaniline. Usir approach, these authors 


supposed that the ‘ctron-donating dimet 4-position of 
azobenzene might be expected to raise the pAa of the az I fT 2°5 to 0-0 
The observed value for 4-dimethylaminoazobenzene therefore led them to conclude 


lamino group. 


that the mono-acid cation has the proton attached solely to the dimethy 

It cannot be conceded that this is an unequivocal conclusion. In the reasoning 
process, whereby 4-dimethylaminoazobenzene 1s treated alternately as a p-substituted 
dimethylaniline and a 4-substituted azobenzene, the very nature of the resonance 
hybrid (Illa< IIIb) is overlooked Furthermore, the respective pKa values of 3 and 


0-0 so suggested are approximations of insufficient accuracy to permit any comparison 


of the type attempted. No ey idence was given to support the proposal that 0-0 should 


be the upper limit of the basicity of the azo linkage, and the value of 3 suggested as the 
lower limit of the basicity of the dimethylamino group appears to be too high because 


1 L. P. Hammett, Physical Organic Chemistry p. 186. McGraw-Hill, New York (1940). 
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2 R N N NMe 
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OS a It was assumed that the reaction constant for protonation at the p-azo nitrogen should 
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Hall* estimated the pXa of p-nitrodimethylaniline in aqueous solution to be 0:8, an 
appreciably lower figure than that stated 


n an attempt to reiiorce their argument, Klot 


absorption in the 1 region could be ; uted to the amonium ion (11). Their 


z et al. erroneously contended that 


interpretati 
Jontiry 
Pentim: 


nethvlaniline N-oxide 
(IV). when 4-d 


ementl 
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this maximum is shifted to 480 mu (the complete spectrum in alcohol ts reproduced 


2m lic t SO m, 
In acetone the m imu! ! I I and in dioxan at 4! Nid In 


repo! 


in Fig. 1) — 
alkaline solution thelephoric acid has a weak maximum at /20-/50 mu - 
: 
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with thelephoric acid leuco- 
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Ihe compound is, therefore, called dihydroiso- 
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thelephoric acid hexa-acetate. One possible structure would be XIV. A reduction 
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of a quinone to the corresponding hydroquinone acetate under the conditions used 


is known, p benzoquinone can be converted in low yield to hydroquinone diacetate 


upon hol 


compot 


vs). 1O1S (n 


ate(Xl1) 
(Found: ¢ CH,CO 
42-:5°%). Mi 1axima: 1760 (s) 3 1600 ( 
1205 (\ 161 1130 (s). 107 


991 (m), 920 (m), 879 (m) 2 742 (w). 727 (w). 706 (w), 674 (w) and 658 (w) cm 


Methylation of thelephoric acid 


(a) Thelephoric acid (air dried material, 150 mg) was methylated with dimethyl sulphate (2 g) 
and potassium carbonate (2 ¢) in acetone by boiling on a water bath for 3 hr. The insoluble residue 


was washed with water. dilute sodium hydroxide, acetone and ether leaving a dark violet crystalline 


Sarauw, Liehigs Ann. 209, 93 (1881) 
°K. Buschka, Ber. Disch. Chem. Ges. 14, 1326 (1881) 
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CH.COO 
CH.COO OCOCH 
Y WILN ACCLI anhyd and SOUITUTTI ACCLALC ormation 
2 ing with acetic hydride and 1 tat The formation of this 
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probab low (pvric ¢ 1.4 394 1) d 49 { 1-05). 
340 log 3 150 e) 163 M 3550 
(im). 3260 (s 1645 (s 0 1530 (s). 1480 1365 1332 ) 1267 (s) 
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1625 y) 1585 (w) 1535 (s) 1478 (m). 1448 (1 1370 (s) 126? (s 1905 (vs) 1159 (s) 
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mass (95 mg). This was recrystallized from anisol giving thelephoric acid tetramethyl ether(\ Ill) as 
brown-violet crystals, which decompose without melting at 360°. (Found: C, 64 25: H, 3-99; 
OCH,, 26°5. gO, requir +-7 (OCH,),, 30-4 V. spectrum: (chloroform) 
264 (log 4°57), 293 | of 70). 364 (log 3 and 472 n (log 4°18), 
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150 me ‘ \ as described under (a) except 
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hex inc) 274 mise The 
The mother liquor from the crystalliz- 
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tained only a very small amount of 
na at 260, 298 5 320, 327 and 339 mu. These maxima 
obis{1.2 } ré The rather high absorption 
between 2 nd 280 my indicates that some p-terphenyl is still present in this fraction 
The fourth fraction which did not clearly separate from the preceding fraction showed in the U.V 
spectrum in addition to the maxima of benzobis[!,2-b,4,5-b’Jbenzofuran two strong maxima at 
288 and 302 my 


Sodium (0-45 g) was 


dissolved in abs alcohol (15 ml) and 3,4-dimethoxyphenol* (3 g) added. This solution was added to a 
suspension of chloranil (2-4 g) in abs alcohol (40 ml) and the mixture boiled for 10 min. Abs alcohol 


R. I. Meltzer and J. Doczi, J. Amer. Chem. Sov 72. 4986 (1950) 
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(15 ml) in which sodium (0-45 g) had been dissolved was then added and the boiling continued for 
45 min. After cooling the precipitate was thoroughly washed first with alcohol and then with water 
The remaining crude product (1-0 g) was once extracted with boiling anisol and the insoluble residue 


ed from the solution own violet crystals (700 mg) 


extracted with chloroform in a Soxhlet 2,3,8,9 
6 12 quinone yrecipitat 


i 
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those olf thelephoric 


ized from bromocymene (Found 64°. H 


acid tetramet! ylether. 
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witl er d the blue prec pitate recryst ized Irom pyriaine § ing dark violet cI tals(15 mg)after : 
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The s\ esis of 2-hydroxye ft testosterone is 
RECENT! two new metabolites of estrogens, 2-methoxy estrone and 
estriol’ have been isolated from human urine. To explain the formation 
metabolites a two step mechanism was proposed* ) the oxidation of estrogens 
oe at C-2 position leading to 2-hydroxyestrogens and subsequent methylation giving rise Pe 
a to 2-methoxy estrogens. For a better understanding of the n ee 
2 necessary to synthesize 2-hydroxy-estrogens and the synthes <1 
} forms the subiect of this paper it mav be me tioned ir 
synthesis of 2-hydroxyestradiol has been outlined by 
physical constants for the termediates or the final compound, and no further a 
- detailed publication to this date ts a able a 
17p-Acetoxy-4-estrene-3-one® (19-nortestosterone | 
oe GEE tctra-acetate’ to give a mixture of two isomeric d 
yick rom whic d a) m.] 
m.p. 185-186 were separated 
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Ye followed from their elemental analysis, and a comparison of their mol 
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formation of numerous derivatives*:’ it appeared to be a hydroxynaphthaquinone- 
carboxylic acid. The presence of a methyl group was inferred from the analyses, and 
its location in the quinone ring adjacent 1 1c hydroxyl group was indicated by the 


negal ve Ke mi in and il ‘rivatives. ind by the formation 


unde! 

(written in a tauton 

aldol condensation 

effected by aerial oxidation as Shigematsu found that tomichaedin is not produced 

when oosporein is fused with potash in an atn pl i nyarog In view of the 
nossible reactions. the lo 1d | mae If the diketone II 

many POSSIDIC reactions, the yields a n ising tne adixerone 


is an-intermediate then oxalic acid should be formed simultaneously, and this was in 


fact obtained by Nishikawa®, but the origin of n-butyric acid, which Shigematsu 


isolated as its p-bromophenacy! ester. is less obvious. We have confirmed the forma- 
tion of n-butyric acid and shown, by paper chromatography, that the volatile acids 
produced in the fusion reaction comprise n-butyric, propionic and acetic acids (in 


ritten tor n n noer th 1 r n } rt in 
This ts writtet lier nd in KC nd oosporein would be conve ted | ally 
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of increasing concentration) the initial degradation proceeds by fission of 


bonds a and c in Ia, it would give rise to z-oxobutyric acid; the same compound could 
also be for by a reversed ald ndensation. It has not been possible 
to det his product in 1 ction MIXxtt we have shown, In separate experi- 

butyric acid is destroyed and 


acids (in order of increasing 
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eine gut reproduzierbare und einfache Methode zum Nachweis von Canna- 
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eramm nacheinander mit den ponent R 
Als besonders geeignet erweisen sich die K ationen I—3 r al wenn 
breakt en die Fluoreszenzet berucksic Aul 
wramm zeigen vor dem Bespruhe! inachst alle di Cannabinol- 
nter det Ana ic! | res- 
i 
1° Zusammenfassende tabellar UI cht aller I " Cannab von R. Adar M 
Hunt und J. H. Clark, J. Amer. ¢ .) 62, 19 40) . 
11 A. Griine, Chimia 11, 173, 213 (195 
“EF. Hoffman und G. Hoffman, A urwissenschaften 45, 337 (1958) R. Gos! 4. R. Todd, D. C. Wright, 
: J. Chem. Soc. 137 (1941) 


ich 
nicht messbar 212 


772 
281 mu 273 


mye 


280 


Korte 
eC und H Veitkamp, Angew Ch 0 
g em. 70, 434 (1958 455 
71, 455 (1959) 


oe 156 F. Korre und H. Srerer <r 
S) 
B kerb 
G | \ ilka — 
Chi ( NZ 
ve | 
D Vers 
Im U\ ( 285 my 
4 ( | 4 iJ) rscl 
2 vert D Korte und 
(Tabe 
ey 5 ug. Eine Ve ' r den in | M ) enen Absorp- 
¢ nraktis statt | | 1) n Methane ur ¢ nabidiol 
| Ab Papiercht Bech Retlec ce | opektro 
DK I 
Il CSS met scrie oper opnot vcter Beckman 
Mod DK I 
: nicht messbat 2121 nicht messbar 2240 mu 
273-281 my 273 285 my 285 
80 297 297 = 
(Schulter) (Schulter) 
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273 und 280 mu fallen zu 


und Tetrahydrocannabinol registrierbaren Maxima bei 2 
Messungen unterhalb 230 my sind wegen der 

fiihrbar. Cannabidiol und Tetrahydro- 

t bei 


einem eimzigen Maximum zusammen. 


t mehr durch 
Absorptionen; eine Verwechslung is 
Fleckenform und der sehr unterschied- 


Eigenabsorption des P: 


| zeigen zwar die gleichen UV 


ipiers nich 


1abino 


cani 


Bertic ks Cl 


lichen \ ( iu 
rt r de ecke auf dem Papierchi 


Die Cannab 


(a). einzeln chromatog aphiert (siehe Sbst. | 
CBD 0,84 CBN 0,7 THC 0,70 


(b) als Gemisch chromatographiert (siehe Sbst. 4 in Abb. 1) 
CBD 0,81, CBN 0,75 THC 0,64 


hromatographie 174, 2. Aufl., Berlin, Gd6ttingen, 


4H. F. Linskens, Papieré 


(1959) 


Heidelberg 


> 
q 
Cl 
asst sich nach Gen DeKaNnNnten VeTrialic nur mit von CTVICIC Cl 
vramn n det reinen Can! iveroindungel niunren | ne ungel re Gehalts- 
einer Lat cke n 40 cm fiir das Beam-Re¢ ¢ fur P ; Reagens und 
EXPERIMENTELLER TElII 
CBD ( CBN ( | 
| 14 ) kK. 1¢ 
O 
I B ) 
t d ¢ t vere! 
Par | ( Shet 1 iy 
A Wh \ et | ) A by te! 
Subst ch 3 D I Gleichg durch 
rend ( phic ren | SS 
| rd ler Linter Die Li te iit Del einer 
Ver ’ 14S wW< ke en ‘ e werde! 
: 2 Min. bei 80° oder dem He strom eines | s getrocknet 
R Werte 
inolverbindungen liefern folgende R,-Werte 


Korte und H. 


ies Fiiesspapier gelegt, an beiden 


sungen (Reagens 


CBD | 


dig 
id CBN TH¢ N 10 Min 
ind tronengel Die Farben 
nut ing und CBN/CBD. Die Farben veraindern langsam 
etwas ihre nun ¢ sgren 
2.6-Dichlorchinonchlorimid/diazot. p-Ni latogramm m 
imid anspruhen, bei 105° 


en 


CBD 


it 2.6-Dichlorchinonchlor 
p-Nitranilin Ubersprihen Reagens 


; 
(a) A Technik. Das Chromatogramm wird auf 
Enden durch Gewichtsstiicke gesp t und bei Verwendung wassriger Entwickler|6 
how N stark besp a einer gleichmassig diinnen Flissig- 
keitsschic eck Fiir einen Streif 50 cm werd ca. 201 bendétigt. Ein 
Re Lésungen (B Re Dic erden dagegen vors ver 
. he chmia schen. Die Be flung wird von der anderen Seite in der 
rleiche W cise 
Re KOH in Atl ): Das ent 
wick ( | d } 
B M CBD ere N 
} N 0 UV (rilte ) 
k age 
P } Be 0,1 Diaz 
N B \ ( DC 
NaNO Die Woche D 
S 5 sec 
I ( » \ 
|) ( en 
( | < 
N 
| Die | } erste! 
2 i ‘ 
Die 
N N vi \ der Farbd 
D p-. Chi i mit t N firben und ohne 
a 
. \ 
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inn mit fliessendem Leitungswasser waschen. CBD farbt sich orange, 


1 Min. einwirken lassen, di 
1 farblich gut von CBN und CBD ab. Unter- 


CBN ockerbraun, THC zitronengelb. THC hebt sich farblic 
Sug. Die Farben sind mindestens 


erundfarbe weiss iweisgrenze 4 Wochen ohne 
Verande 

id bespriihen, 

rken lassen, 


graubraun 


+ 
dann abioschen. ¢ BD tarbdt sich BN blaugun, THC kobaitdlau Untergrundiaroe 
Wir ler Resear Cor York und der Deutschen Forschungsgeminschait, 
a 
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LABILITY OF THE FLUORINE ATOM IN 2-FLUOROETHANOI 


Abstract 


D. L. E. BRONNEI 
‘ 
j \ 
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\ 
} 
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acetaldehyde formed by the rearrangement of ethylene oxide obtained by the dehydro- 
fluorination of fluoroethanol: 
CH,OH CH 


> HF @) > CH.CHO > CHI 
CH, F CH 


Support for this mechanism is also provided by an earlier observation by Saunders 
and Stacey.’ who noted that, le preparation of fluoroethar from ethylene 


chlorohydrin and potassium fi * crotonaldehyde is always produced as an 


impurity This is readi ‘xplain n the bi the initial production of acetalde- 


hyde according to the 


these con 

When a 
hours no reacti 
allowed to react in 
minutes 2-hydroxyetl 
that in this case ethyle 


ethanol, and subseque! 


FCH.CH.OH 


Thioglycollic acid reacted very readily with fluoroethanol when hea 


under reflux in the presence of alkali, the product being hvydroxvethylthioglycollic acid. 


ted together 


Saunders, G. J. Stacey and —_y. 773 


4 
‘ Details are given in tl e Experimenta! of a procedure that has enaDdied us to cel on ’ 
h r\ ne a tald | the rea 
. strate the presence of both ethylene oxide and acetaldehyde 1! e reaction product 
obtained by action olf very ¢ wentrated Soaiul vd § ( anol. 
It has also been shown that fluoroet n sensitive to dita When, 
— 1} Latha vac 4 17 stand t ri tempel Ire or iz nour©rs 
ior example, Nuoroc a Vas allowerc al ic pera 
with per cent sodiu § per ce ine appeared a 
: affected 4 
itom was minated and phenyletha esulted The reac ably 
FCH._CH > FCH CH MeBr > McBrf CH 
PhCH.CH.OMeB 
On heating shanal with endias x<vethanol was 
Nes ns pne | i é 
optained sing’ sit lar cond ns son ATU a a OF De Vi 
hydroxyethyl) sulphide Attempts t ta ene cyanhy 2-fluors 
ethanol and sodiu cyanide were not successiu unde eac n 
1} | rn) mor auth the 
occurred, whereas he inger renux esuited a 1S Cac 
evolution of ammonia owing to the hy« YSIS e cy rmed. Undert 
ent of the fluorine the fuoroe appeared as boride 
A +} } | no , 
ethviamine and 2Z-Thuoroe anol was heated for as long as 24 = 
piace Howevel vne the amine and fluoroethan were 
presence of mole olf sodium vdroxide [fof ynly 40 
liet in 40 ner mt i It is evident 
Gic Was ¢ a + per Cent yieid Lis 
e oxide 1S first formed Dy the action Of the aikali on fMuoro- 
tly reacts with diethylamine 
> CH,—CH >» HOCH,CH,NEt 
(1949) 
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No significant reactions were observed between 2-fluoroethanol and potassium 


phthalimide, sodium p-toluenesulphonate, potassium thiocyanate, sodiom diethyl 


malonate, piperidine and thiourea 
may be conc 1 that aliphatic fluorin ympounds containing the C—F link 
se hydrogen fluoride and form an 
compounds which like 


nt carbon atoms will lose 


i to concentrated 


EXPERIMENTAI 


= 
z-Tuorocthanol, have Nuo;rine ana NYCTOAY! aGjyace 
hvdr » rice fair 
| | ia tv of fluoroacetid ack 
alk ould be ered elat to the work of Grunwald and Winstein® who 
> 
sugegecsica ition Tor ner alogeno-carDoXxylic acids 
\ n a fume~< hoard fitted 
0 enser. The et of 
VA { 
C.4 N ( CHN,O C. 42 3 
; 
t ‘ 
ix \ 
\ \ cd 
I \ ne 
‘ Wott) 
t cn 
\ \ ct 
d few W he the react d 
sudsidcd c mM cd After ‘ tO Cox ver 
th was ed etl Z 200 ) d dried (MgSO,). The ether was 
: = Gru ia SW ci 70, 84 4s 
f Orear Comp ds ¢ fa ¢ Pho 
ae 
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removed and the residue distilled giving a fraction of b.p. 1 35-160° /40 mm. This was refractionated 


and then had b.p. 83-85°/0-3 mm (38 g, 55°,). (Found: C, 69-9; H, 7-1. Calc. for C,H,»O,: 


C, 69-6; H, 7:3°%). This 2-phen xyethanol was converted into its I-naphthy 
(Found: C. 73-7: H. 6-2: N. 48. Calc. for C,.H,-NO,: C, 74-2: H, 5:7; N 


Sodium thiophenoxide The conditions emp! 


— 
46%) 
oyed were similar to those given 
in the Previous reactor phe | (22g, O02 mole) dissolved in sodiur hydroxide solution 
oo ae (27 ml, 30°.) and 2-fluoroethanol (12-8 g, 0-2 mole) were used. 2-Hydroxyethyl phenyl sulphide was 
obtained as fractior 100-102 0-3 19-3 63-5 ind: C, 61°8: H, S, 20-85 
Calc. for C,H,.OS: C, 62:3; H, 65; S, 208 I vas ¢ ed into its iphthylurethane, 
m.p. 69-70 Found: C, 7! H. 5-9: N. 4-5. Calc. for C,,H,-NO.S: C, 70-6; H, 5-3; N, 43%) 
Sodiur j ind 2-flu sod SU Na.S.9H,O, O51 c) was 
diss ed r (100 roe 32 I ture eated 
olid (B \ bat! 
The \ B cted 
a be The ethe « er 
was dried (Na,SO en \ n 
me After C ext b e (200 i ed 1 dried 
(K.CO,) A fte ? \ n ; 
etha had m.p. 78 } d: N, 16-2. C,.H,.N,O,: N 2 
a nd 2-f A f 0) diun 
ny ar 2 SU / 2-fl Vv ler 
and were cont ces of copp ‘ te +8 82-5 Found: C, 27-95 
H. 4:3: S. 19-95. Calc. for C,H,,O,S8.Cu: C, 28-8: H, 4:2: S, 19-2 
fcAr edzement—One of us (D. L. E. B.) ts ledted | e Departmer f Scientific and Industrial 
Research f ra mainier wance 
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Abstract 


us 


inate (1) 
by acidic hydrolys ‘ Vill 
VIII. He hydrogenated this material to give a saturated lac 


| 1} 


further with ethyl trifluoroa 


Three catalysts appear to have been employed to eflect 


24, 1709 (1959) 


TATLOW 


al 


ompounds derived from 
yi succinate, prompts us 


reactions 


but instead, converted it, 
ie assigned the structure 


tone which he condensed 


Claisen condensations of 


= 
J. Burpon, T. J. Smirx and J. C. 
_ emistry Department, The | ersity, Birmingham 
(R 2 A 60 
col sat | ‘ Dehyd f the acid (11) 
‘ ‘ ] e (111). Reduction of 
1\ ron VI) } bh ed b icetvlat f owed by 
VSIS 
\ RECENT publication by Grotl which describes er 
= the Claisen iensation of ¢ Vi trifiuoroaceta ind diet! 
‘ te nublic ir re ted. but more detaliec K topic. ne main 
ri? i bh " 
C ve Nave Carrica Out afe st a : 
Et >» CF.COCH.CH O.H > CF.-C CH 
H Et O CH 
H 4 1 HCH HH 4. F.-CHCH.CH m4 
; : A A OH OH 
¥ | ¥ 
Hy Cf +4 OH 3 
O CH 
R. H. Groth, J. Org. Chem. 
t 
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fluoro-esters. The usual one is sodium ethoxide; sodium hydride has also found 
application® and metallic sodium in one case.* In other work in this Department* we 
have found that sodium metal can be used generally for promotion of ester condensa- 
tions with fluoro-esters. In the present study, all three reagents have been used to 
condense ethyl trifluoroacetate and diethyl succinate (Groth used sodium ethoxide 
only). All three catalysts gave the same product from the condensation, diethyl 
trifluoroacetosuccinate (1). Sodium was the best, it was easiest to use and gave the 
highest yield, 72 per cent of |. This boiled over a range (100—-150°/0-5 mm); all the 
material appeared, however, to be diethyl trifluoroacetosuccinate, since the yields of 
the derived acid (11), which were obtained by hydrolysis of low- and high-boiling 
fractions. were almost identical with that obtained from material boiling over the 
complete range This wide boiling-range may have been due to keto-enol tauto- 
merism in I, presumably the lower-boiling mat | being mainly the enol-isomer, and 
the higl the keto. This was supported by a-red spectroscopic analysis: the 


O—H stretching frequency at 3400 cm~! relative to that of the 


ney at 1850—1700 cm greater in a low-boiling fraction 


Acidic hydrolysis of the Claisen ester (1) led to two products: the major one was the 


ifluorolaevulic acid (11) and the minor its eth ‘ster hydrate (VII). 


u 
id (Il) was confirmed | al t with alkali when succinic 


Al 


formed by a haloform reaction le structul he ester (VII) was demon- 


hvdrolvsis to the parent acid (I1), and by ithesis from this acid (11) by 
1 


nfirmation was supplied by 


> dik nto the unsaturated lactone (IIT) 
d (II) was not ts irprising. 
compot 
sossible 
structures have 
some such addition a 
a hydrate 
acid (I1) is hydrat 
Prol 


to be 


yarate 


analogously Ws unsalul ( n } OW DESI eda D 


of the acid (11) from phosphoric oxide o1 


ted the alternative ~)-unsaturated structu for this product 


towards catalytic lic nydrogen 


compared its behaviou! 
chloride and bromine water with the known? beha tt nalogues 
of Ill and VIII («- and /p-angelicalactone, res tivel n these 1 1orinated 


E. T. McBee, O. R. Pierce bo $0 / ’ 5, 31 1953); I 
R. Hause ; 195 


Burdo 

K.R 

H. Rodd 

Wolff, Liebigs Ann. 229, 

\. Kuel n. stead act and B. Scott, 
J. Biol. Chem. 87, 601 (1930) 


intensity of th 
C—O stretching freq uc 
tnan il 
4 
The structure o 
acid was 
strated by 
acid lactone | the trifluoro-analog ol 
ton Other rinated Leta ic ire know to dhu 
Groth 
has hic 
R 
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lactone showed a greater similarity towards /-angelicalactone than towards the z- 
isomer. Contrariwise, however, we have shown that the fluorinated lactone gives two 
tests which are given® by «-angelicalactone but not by #: it affords a silver mirror 
with ammoniacal silver nitrate and a deep red colour with alkaline nitroprusside solu- 
tion. It seems probable that the trifluoromethyl group so modifies the chemical pro- 
perties of structures such as the angelicalactones that any deductions based on such 
analogies are invalid. Our fluorinated lactone (III) had almost no absorption in the 
ultra-violet whereas the «/-unsaturated structure (VIII) would show a large absorp- 
tion (/-angelicalactone has” 10.000 at 214 mu). Again, the acidic hydrolysis of the 


fluorinated lactone he laevulic acid (11) and lithium aluminium hydride 


reduct I | va ‘ neither react seems very likely o the basis ol 


structure VIII s also difficul how the x/-compound (VIII) could form except 


compound (III), itself formed by simple 


rrangements a usually very slow 


olic 2.4-dinitro- 
vative (IX). 
itrophenyl- 

Similar 

nfirmation of this 
acid (Il) gave the 


the normal oxime 


CF,CCH,CH,CO,H 


NOH 


Reduction of either the acid (11), the ester (VII) or the lactone (IIL) with lithhum 
aluminium hydride in ether gave an excellent yield of 5,5,5-trifluoropentane-| ,4- 
diol (IV), although in the case of the lactone (III) a small amount of another, higher- 
boiling material. whose structure was not investigated, was also formed. The diol (IV) 
was characterized as its bis (3.5-dinitrobenzoate) and its diacetate (V). The latter 
compound underwent pyrolysis at 520° to give 5,5,5-trifluoropenta-!,3-diene (VI) in 
75 per cent yield. The five-stage synthesis of 1-trifluoromethylbutadiene (VI) de- 
3 


scribed here gives an overall yield of about 33 per cent from ethyl trifluoroacetate. 


Henne e7 a/.'*."8 have obtained about a 39 per cent yield from ethyl trifluoroacetate in 


*L. J. Hays and E. R. H. Jones, J. Chem. Soc. 954 (1946) 

1° C.K. Ingold, Structure and Mechanism in Organic Chemistry pp. 546-550. G. Bell, London (1953) 
Reference p 2 

12 A. L. Henne. M. S. Newman, L. L. Quill and R. A. Staniforth, J. Amer. Chem. Soc. 69, 1819 (1947) 
13 AL. Henne and P. E. Hinkamp, J. Amer. Chem. Soc. 76, 5147 (1954) 


f 


dehydration of the enol o e acid (11): such rea 
in acidic media We therefore suggest that the fluorinated lactone 1s, 1n fact, the py- ae 
unsaturated compound (III). Attempts at dehydration of the hydrated ester (VII) . 
gave mixtures ol nsaturated lactone (II1) and starting material No anhydrous 
ester De ited iy 
Both the acid (11) and the lactone (II]) reacted with aqueous ¢ ae 
pheny vdrazine to e the same product probab the pyrid oe 
This ¢ 1 be produced y cyclization of the initially torn ; 
hydra ne, followed by addition of ethanol across the carbs ats 
cyclizations occur witl fluorinated -Keto-acids In 
structure, when the reaction was conducted iqueous propanol t 
analogous propanol adduct (X). Both the acid and the lactone gave —_— 
(XI) 
CH 
CF,-C CH 
N C—OH 
N OR 
C.HANO.,) 
IX R C.H 
x R C.H 
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a four-stage synthesis via 1,1,1-trifluoropentane-2,4-dione, which was reduced to 
the analogous diol, the acetate of which was py rolysed. 

Treatment of the diene (VI) with bromine in glacial acetic acid gave a dibromo- 
compound. This appeared to be a single substance since it showed only one (sharp) 
peak in gas-phase chromatography: its infra-red spectrum also was not suggestive ofa 
mixture. The complete absence of any strong absorption in the region 900-950 cm : 
showed" that the compound possessed no vinyl (—-CH=CH,) group, and was not, 
therefore, the 1,2-dibromo-compound. We have not, however, been able to distin- 


guish between the other two possibilities, the 1,4- and 3,4-compounds. Oxidation led 


only to small yields (<<10 per cent) of trifluoroacetic acid—too low to be of any 
significance. 
EXPERIMENTAI 


The conde of ethyl trifluoroacetate 
(a) With sodium hydride as catalyst thyl trifluoroa al rS¢g mole) was added to 
powdered odiun dride ’ 71 mole) over period of about min in an atr phere of dry 
nitroget | succinate 
iintained 
wed to cool 
d (50 mi, d, 
ried (MgSO,) 


spectros py t » be 


further purification 


{cidic hydrolysis 
The ester [42 g, } 
for ne After being 
were dried (MgSO,) an 
rolaevulate 
H,.O require 
b.p. 68-72°/0'1 mm, mp 1-3900 
had m.p. 57-58" (17-6 g) (Found 2 requires: 
H, 3-0°%; equiv., 170). Under the same conditions, hydrolysis of a fraction b.p. 77-85°/0-15 mm 


144 L. J. Bellamy, The Infra-red Spectra of Complex Molecules p. 34. Methuen, London (1958) 


Wh me 
: 
| 
: 
4 
; : and the ether was evaporated to leave crude di vi luoroacetosuccinate (1, g), b.p. 78-115 
0-5 1-4070 ] ned dik vl suc e (ca 3 hydrolvsis (see below) 
gave some Succ cid W he SI er | c Wa ised 7reater 
“ al ints of diethyl succ eC! iined unreacted. Frac il distillation of 1 crude produc nder 
pre ul Wa ] CK ery ) ec pe eved this 
caused the re temper ruc ite \ re product (Four ( 44-6 H, 4:8 
C,,H,.F.O. require ( 14-5- H ed idle frac 
(b) ua \ thoxide 0-93 mole), ethyl 
trifluoroacetate (8 0-62 ) 1 diethy ICC e ed dry ether 
for l¢ Is ) ve crude d Ce Te 11-99), 1-4118 
converted e | ec ic r Vill) verall 
(c) un ] Sodiun 0 22 mole), ethyl etat 0-22 
mole) 1 diethyl e (7¢ 0-44 re xed and the ed SO reaction 
com ced, when e of heat was eac ‘ int t sodium 
of sodio-derivative. The free keto-este s libe catme lp c acid (150 10 N) A 
and was extracted with ethe I tl lried (MgSO extracts ive crude 
diethyl trifluoroacetosuccinate (1, 42g), 00-150 /0-5 mm, 7 1-4104 by fra-red 
es identic \ e produc ep | (a). This crude mater Ss used without d 
ihe hydrolysis exper ents 
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(10 g) gave ester hydrate (0-68 g) and acid (4-7 g); a fraction b.p 114-120 /0 15 mm (10 g) gave ester 


hydrate (0-57 and ac 


the neutralized acid with a conc aqueous solution of S- 


$-trifluorolaevulate hydrate, m.p. 119 


requires ( 44-1; 


Isolation by 


71°/0-1 mm 


~ 
Veo 
Treatment of an aqueous solution Of [i 
Of (from acetone-chloroform) (Found: C, 43-7; H, 5|. C,, 
tcidi of ethyl 5.5.5-trifluorolaevulate hydrate 
her @ evulic acid (I, 11 b.p. 65-70°/0-2 
Fs 55.4 Il) 
es 
VieNO) 
| ( bi ¢) 4) 
) 
| the 
| tc ty fe eadily 
(5 e (ill 3860 by ed spectr 
ric oxide as described for the 
— | ved tha t was xture 
: e (1. 60°.) and ethyl 5.5.5-trifluorolaevulate 
hydrate (VII, 40 
tcidic hvd the lactone 
ether $.$.S-trifluorolaevulic acid (Il, 0-712), b.p. 65-2, 
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Reaction of the acid (11) and the lactone (All) with carbonyl reagents 


(a) 2,4-Dinitrophenyl-hydrazine The acid (1-1 g) and 2,4-dinitrophenyl-hydrazine sulphate 
(1-1 g) were refluxed together for 1! hr in ethanol containing 10°, of water. Cooling gave a yellow 
precipitate of lroxy-3-trifluoromethyl-\ ,4,5,6-tetrahydropyrazine 
(LX, 0-5 g), m.p. 105-5-106° (from aqueous ethanol) (Found: C, 41-1; H, 3-5 


4 


3-5. 
requires: C, 41 3: H, 35%) 


The same product (0 § 7), m.p. 105-5—106° (alone and on admixture with the specimen obtained 
from the acid) was obtaine \ the lactone was 
>A 


linitront 


Pyrolysis O} 


| 
hard 
diace 
a per 
and 


stecl 


he cm diameter) packed with 

ally i su i trically |! furnace The 
tate Wa ntrod | viv in } | tube in a stream or nitrogen over 
iod of 100 mu py ys lected i led ts (a ind ymbined, 
if ictionally d SI ‘ ted CUT 


C iiniess 
trifluoropenta 1.3-diene (VI 


Dixon gauzes 


3569 
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4? ? 4 
m.p. 62° (from aqueous propanol) (Found: C, 43-0; H, 3-9. CyyHisFsN yO, requires: C, 42-9; 
H, 3-9",) 
(b) Hydro wn T he 1 2). hydroxyl ydrocl ride (3-89), sodium acetate 
(3 75 ml) gave residue whic crystallized f be e to give 5,5,5-trifi la acid 
oxime 1-3 p. 130-131 C, 32:8; H,3°6. CsHgF,NOg! res: C, 32-4; H, 
tril ‘ ter eT xime (I m.p ind 
Preparat f 5.5.5 fluo } (LV) 
(a) / 5,5,5-triflu 11). The acid (25g, 0-15 mole), dissolved in dry ether : 
I r la cted ¢ ether. D 
fil iried (MgSO) ex e 5,5,5 flu 1.4 (IV, 18-5 g), b-p. 113-115°/12 mm, 
9921 i: C,383; H C;H,F,0 es: C, 38-0; H, 5-7%) 
> 2 « de (2 DVI e (25 ml). gave 
nets } 6020 ( 11-9 H. ( HF. eC ( H. 2-4 ) 
b) / I 19+ reduced wit um 
().? { 0 b 118-120 ms 
b (2-( b.p. 123-126 
7 { 0 ed 1°65 4 
b.p. 113-114 /12 mi ed b fra-red spec 
icetvlation of 5.5,5-trifi (IV) 
The a 24:2 @) ’ ‘ UU pa iride (1001 1) wet refluxed t rethel 
layer was extracted with « r (3 100 ). The or ers re « ed dw iwitha 
10 ss f d bicarb te. The re extracted with « 2 SO ml) ‘ 
ind the combined ethers exti ere dric MesSO concentrated t cave residue which 
was distilled to give 5,5,5-trif 1.4 rate (V. 32:7 2), b.p. 210-212°, ni? 1-3890 
(Found: C, 44-9: H, 5-0. C,H,,F,O, requires: C, H, 


P. Brown. J. Burpown. T. J. Surrn and J TATLOW 


492: H ) (cited™ values: b.p. 45:2-45-9 


| acetic acid 


170 
(Found: C, 494; H, 42. Cale. for CH F,: C, 
(10 n The reac eri owvi ver layer was separated and 
distill f t 1650 d: ¢ 21-5 
Ay) 
\ k P M.S s work. the Imperial 
Re P.B 


Tetrahedron, 1960, Vol. 10, pp. 171 to 174. Pergamon Press Lid, Printed in Northern Ireland 


THE SIGNIFICANCE OF BENZENOID RINGS FOR 
STABILITY OF AROMATIC HYDROCARBONS 


E. CLAR and A. MCCALLUM 


Abstract — | 


(4°5 


(4-06) 


for the addition of maleic anhydride.* Benzenoid rings also explain the phenomenon 
of assymetric annellation.° 
In the series of the isomeric hydrocarbons Cy,H,, I — VI, there is an increase in the 


W. Armit and R. Robinson, J. Cher 604 (1925) if trahedron §, (1959); 6, 355 (1959). 
. Clar, C. T. lronside and M. Zander 5 
*E. Clar, Tetrahedron 


: 
THE 
ee Department of Chemistry, The University, Glasgow 
(Re 4 Ma 
he icc 1), b i 1\ 
: Vil \ ~ Vil d 
BENZENOID rings ne wrill vil +d DO! are 
marked th cu ni romatk } 
ive 
\ 
a? 
| 
| 
2 4 
Fic. 1. Absorp and lo 1 2.34.7 
(4-96). 3020 (4-S¢ 4-55 n $30 (4-52), 24 4-52), 227 
M3). 1:2.3:4,7:8,9 etrab be $140 (3-5 100 (3-98 80 
171 : 
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to the maximum in the fully benzenoid tetrabenzanth- 


number of benzenoid rings 
Heptacene(I) is a green, most reactive hydrocarbon, which cannot be 


racene( V1) 
obtained in a] only one benzenoid ring which 
is shared am« blue-green and because of its 
two benz 1 ru ymewhat more le owever, a complete absorption 
spectrur were measured by visual 


three benzenoid 


yentacene.® The small 


benzenoid 


rings, the two terminal doub nds in the central tetracene system appear to be fixed. 


Accordingly, annellation t h louble bonds produces only a small shift of the 


ve(V) and tetrabenzotetracene( VIII). The red 


-bands in passing to tnibenzotetracet 


Chem. Ber. $1, 


observation.» The two dibenzopentacenes III and IV, bot! 
ings ‘ry similar and considerably more stable thar 
| 
aN 
\ | 
4 \ i i 
\ 
. \ 
\ 
\ 
\ 
x \ 
ry x 
65 
§ 
differences betwe ii! d Ivy tht be exp ed by the different relative positions 
which 1 benzenoid 1 $< issume. The hitherto unknown tribenzotetracene(V) 
is ye ¥ and reacts wiy W maieic al yvdride than most benzotetracenes, 
except tetrabenzotetracene( VIII) Ihe colourless tetrabenzanthracene( VI)‘ does not 
react with maleic ride. Its absorption spectrum is the most shifted to the short 
ae wave ; ng its ne! rT] tribenzotetracene(V) fits perfectly into the series 
nredicted by the ssumpt benzenoid rings within the aromatic system. 
If 1-9 7-8 tatra VII) is civen the maximum number of 
4 B. Boggiano and E. Clar. J. Chem. Soc. 2683 (1957) 
LE. ¢ ind M k. B Soc. 444 (1950) 
Ber. Dtsch. ¢ 76, 257 (1943); E. Clar and H. Frémmel, 163 (1948) 
tf P. Lambert and H. Martin, Bull. Soc. Chim. Belg. 61, 124 (1952) 
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shift, due to the addition of the 47-clectrons per ring, is compensated by the violet 
shift. due to the formation of a new aromatic sextet. The movement of the sextet 
through the central tetracene system is not restricted in the series VII, V and VIII in 
contrast to the increasing restriction imposed in the series | -» VI as indicated by the 
arrows 

Tribenzotetracene was obtained by pyrolysis of the ketone LX which was prepared 
from 2-methyl-I-naphthoyl chloride, triphenylene and aluminium chloride. The 


reaction proceeded analogous to the condensation of triphenylene® with other acid 
chlorides which gave only substitution in the /-positions. However, another conden- 
sation product which does not react with maleic anhydride was observed in the 
pyrolysis. The adduct of maleic anhydride with tribenzotetracene(X) showed an 
absorption spectrum (Fig. 2) which indicated the presence of a 9.10-substituted 
phenanthrene complex Therefore the addition must have taken place in position 5 
and 12 Ihe adduct was readily deck mposed by sublimation with soda lime and 


yielded pure tribenzotet 


X PI N 


RIMI 
IX 


1 :2,3:4,7 rit etracene(\ The ketone (10 g) was heated to 400—420° under t yrotection 


siduc 


nenyrene was first Otained mwed DY tne ydro- 


le | arbon was ystallized from ne and was found not to 


Will 


adduc 


ind the residue 


n ‘ ss of maleic anhydrid as removed with boiling water 


several times extracted with sodium hydroxide in aqueo ak mic SOlULIOT Th left a colourless 
by-pr duct undissolved which was filtered off The united filtrates were acidified with HC! and the 
white precip tate (1:1 ¢) washed with water and dried 

The adduct was mixed with soda lime (1-5 g) and sublimed at 300°/0:1 mm. The ‘ribenzotetracene 
which formed yel w neediecs wa repeated vy recrystallized trom xylene When the solution was 
quickly co« led it vielded vellow wart-like conglomerates and on slow crystallization long needles 
The hydrocarbon dissolved in conc H.SO, with a blue colour (absorption band about 6200 A) 
which soon changed to green and then to yellow. Both forms have m.p. 277-278". (Found: C, 95 3; 


H, 4-5. C,.H,. requires: C, 95-2; H, 4°8",) 


1 :2.3:4.7:8-Tribenzotetracene-maleic anhydride adduct(X). This adduct was obtained by boiling 


pure tribenzotetracene with excess Mmaicic anhydride After removing the excess maleic anhydride 
the adduct was dissolved in aqueous-alcoholic sodium hydroxide filtered and the free acid precipitated 
with HCl. It formed a white powder which decomposed at 190 192°. (Found: C, 82:6; H, 48 


C,,H,,.O, requires C, 82:6; H, 45%) 


* Melting points are uncorrected and were taken in evacuated capillaries. Microanalyses by J. M. | 
Cameron and his staff, Glasgow University 


E. Clar, Tetrahedron in press 
* E. Clar, Chem. Ber. 81, 68 (1948); J. Chem. Soc. 2440 (1949) 
1” R. Adams and L. O. Binder, J. Amer. Chem. Soc. 63, 2774 (1941) 


pada? 
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| 
rAL* 
2 Vet! l-na 2 lotr viens 7¢ and 2-methy iphthoy!l 
wa dded AT te e re dev e triphenvienc ent mto solution 
The rk read eated SO for a few til the ev HC! ceased 
After ce il vent was ren by steam distillat The resinous 
the wetic acid. It formed very pale yellow needles, m.p. 214-216 which dissolved in conc « 
H.SO, red i: ¢ H, 49. ¢ H,,O 1 re ( 10-9, H, 5-1 ) 
of a current of cart dioxide 
was sublimed at 270) 
carbon at 350°/I mm. The coo 
; be uniform (1°97 ¢). For further | ‘ 
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STUDIES ON THE SYNTHESES OF HYDROGENATED 
QUINOLINES AND ISOQUINOLINES AS 
ANALGESICS—XVIIP 


SYNTHESIS OF 3-HYDROXY-N-METHYL-8-AZA-DES-N-MORPHINAN. 
(4-METHYL-9-HY DROXY-5:10b-TRIMETHY LENE-1,2,3,4,4a,5,6, 10b- 
OCTAHY DROBENZO [F}] QUINOLINE) 


SUSUMU OHSHIRO 
Osaka Research I aboratory, Tanabe Seiyvaku Osaka, Japan 


( Received 22 March 1960) 


3-positio was achieved through 1 ition I parent mpoun Ollowed by reduction and 


diazocizatior The position of tl Dstituent was determined by t pectral evidence from 


}-methoxy-10-oxo-8-aza-des-N-morphinan w was derived from iza-des-N morphi- 


Abstract—The introduction of a hydroxy group into N-methyl-8-aza-des-N-morphinan at the 


nan a e oxidation of 3-me 1¢ compound is also 


presente 

It is a well known fact that the introduction of a hydroxy group into N-methylmor- 

phinan at the 3-position produces a marked increase in its analgesic properties.* 
With respect to this fact, Sugimoto ef i/. have introduced the hydroxy group at 


the 3-pos ton of thei N-s ii] ) hi al ( } e.§ R 16. 6 and 7-aza-des-N- 


introduction of a hydroxy group into 


p 


N-methyl-8-aza-des-N-morphinan and the pharmacological testins the resulting 


3-hydroxy compounds 


Sugimoto and the present author reported the synthesis of a preliminary compound, 
N-methyl-8-aza-des-N-morphinan, starting with 2-phenylcyclohexanone In the 


present study 2-(m-methoxyphenyl)-cyclohexanone(l) was utilized as the starting 
material 
line(Il) was synthesized by a route analogous to that used for the corresponding des- 
methoxy compound. After the hydroxylis of the methyl ester ring closure of the 
resulting carboxy compound with polyphosphoric acid was attempted. Intractable 


' Part XVII S. Ohshiro, Tetrahedron 8 304 (1960) 
O. Schneider and A. Griissner, He Chi) icta 32, 821 (1949); O. Schneider and J ellerbach Jbid. 
33, 1437 (1950) 
N. Sugimoto and H. Kugita, Pharm. Bull. Tokyo 3, 11 (1955); E. Ochiai and K. Harasawa, J. Pharm 
Soc. Japan 77, 168, 172 (1957); N. Sugimoto and S. Ohshiro, Pharm. Bull. Tokyo 4, 357 (1956): 
N. Sugimoto and S. Ohshiro, /bid. 5, 316 (1957); N. Sugimoto and H. Kugita, /bid. 6, 427 (1958) 
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material resulted instead of the ketonic compound ll probably due to the production 
of phenolic material by the demethylation that would take place during the reaction. 


No further attempt of ring closure has been conducted. 


CH,O 


N N—CH, 
7 
I 
The most feasible alter e approach to the tle compound appeared to be : 
through nitratior in( iV) Nitration®:* of IV 
in acetic acid W ric ack i mixture of TW somers, Irom which an 9 
\ ep ed iS pa yellow crystals p. 94-96" in a 
yield Of per | rest rted repeated recrystallizauons 
finally gave two pure picrat p al 21-223 T| ther-melting ; 
nicrat fy } \ some! f the free base Vh n p 
83-85" in a poor iw | r. These two bases were proved ; 
by the lytic IR re eric with respect to the position 
It can be assu i it the nit ft type compound would take place 
nm 1 ri nt study that the 
at tne 2 and I } uuy sil 
wi teric irance and the reactivity which is 
From tl ‘ 1 of higher vield was tentatively 
designated as 3-nitro-N-methyl-8-aza-des-N [ an and used for the further 
HON 
NO 
| 
N CH N N- CH, 
HO 
A 
B 
> 
N 
N CH C 
_ 
CH 
Vu 
: *M. Ga und W. G. Webb. J. Amer. Chem. Soc. 80, 1186 (1958 
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studies, while the other product of lower yield—not more than 5 per cent yield—as 


2-nitro-8-aza-des- N-morphinan, which consistently showed the out-of-plane vibration 
of a 1,3,4-trisubstituted benzene in its I.R. spectrum. 

The 3-nitro compound (Va) was reduced catalytically to the 3-amino compound 
(VI) from which 3-hydroxy-8-aza-N-morphinan was obtained through the intermedi- 
ate diazo compound. The 3-hydroxy compound(VII) is soluble in alkali hydroxide- 
and insoluble in alkali carbonate and with ferric chloride it gave an orange-yellow 
colour. The I.R. spectrum is presented in Fig. | 


VII was converted to the 3-methoxy compound(VIII) by the action of diazo- 


War 
ue 
> 
\ / nw ¥ y *Vifa 
3 j ¥ 
| 
Vv 
N 1, 
: 
— 
r 
' 
| 
v¥ 
: 5 
4, | 
| 
V 
Wavelengtt 
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methane. Chromic acid oxidation® of VIII furnished the 10-oxo-compound IX. 
The presence of a carbonyl group in IX at the 10-position was clearly indicated by the 


spectral evidence The I.R. spectrum (Fig. 3) has a strong band at 1680 cm™ charac- 


teristic of aryl ketones 


of 6-methoxy and 7-methoxy-2-tetra- 
ppeared to provide most valuable 


LNOXY compound There is some 


+O. Schneider, M. Walt 


ar 
» 
CH,O 
CH.O 
> 
Vil - 
The comparison of the U.V. spectra (Fig. 5) of 
lone with that of the present methoxy compound 
| 
4 
\ 
se: and A. Brossi, Hele. Chim. Acta 39, 2053 (1956) 
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relationships between «-tetralone and methoxy-substituted «-tetralones in their U.V. 
spectra.®,? 

(1) Introduction of a methoxy group at the 5 or 7-position of «-tetralone produces 
a marked bathochromic shift from 293 my to 325 my of its first band, but does not 
change the second band at 248 my. (2). Introduction of a methoxy group at the 
6-position of «-tetralone leaves its first band unchanged, contrary to the above obser- 
vation, while it shifts the second band bathochromically from its normal position to 
277 muy, so that it falls almost on the first band. As can be seen in Fig. 4 this same 
relation can be found between the U.V. spectrum of N-methyl-10-oxo-8-aza-des-N- 
morphinan and that of the methoxy derivative(IX). It is therefore most likely that the 


present methoxy derivative is 3-methoxy-10-oxo-8-aza-des-N-morphinan([X) and 


consequently the nitro compound (Va) is 3-nitro-8-aza-des- N-morphinan. 

As for the stereochemical nature of 3-hydroxy-N-methyl-8-aza-N-morphinan 
(VII) it can be safely concluded that the compound has the same ring configuration 
(B/c:cis) as that of starting material, N-methyl-8-aza-des-N-morphinan which was 
proved to be the same as morphine in its ring structure. 

Pharmacological tests of the compound VII were made by Dr. H. Fujimura in the 
Pharmacological Department, University of Kyoto, for analgesic activity in mice. Its 
toxicity was 0-79 mg/10 g by intraperitoneal injection, showing it to be somewhat 
stronger than that of codeine. Analgesic action measured by the Haffner, D’Amour- 


Smith method, and inhibiting effect of stretching gave the following results. 


According\ 
tussive act 


University 


XPERIMI 


: 
: 
( IM und (VII C ode e pnospnal 
Haffner method ED,. 0-38 mg/10 2 ED,, 0°50 mg/10 g 
D’Amour-Smit! 
ED., 0-19 mg/10 2 ED., 0-178 mg 10 ¢ 
ED.. 0-044 mg 10 ED... 0-048 me 10 
Vil showed inalg Sic action avd t equal to tnat ol code ne Anti- 
vas determined by Dr. Y. Kase of the Pharmaceutical Department, 
WEE of Kumamoto, by the Kasé method,* using a dog and a cat 
A value of minin antitussive dose was 2:5 kg (dog) anc 12 mg/kg (cat), 
while that of control codeinephosphate was 3-76 mg/kg and 2-531 1, respectively, 
showing VII to be somewhat stronger than code phosphate 
NT A | 
3-Nitro-N-methyl-8-a N-morphinan(Va). As Sg c acid (5 cc) 
acetic acid (4-4 cc), cooled to dur | r,ata mp De reaction mixture was allowed 
*T. Monk Y. Ohku ind S. Go Pharm. B ] 3, 401 (195 
K. Mik J. Pharn 5 j 61, 272 (1941) 
: Y. Kase, Pharm. Bull. 7 2, 298 (1954); Japan. J. Pharm. 4, 130 (1955) 
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to stand overnight at room temp and then acetic acid was removed under reduced pressure and 


temperature not exceed ro 
The residue was d ed with ice water. basified with aqueous ammonia, and the separ ited base 
extracted with ether. On evapor g the washed and dried ethereal solution a viscous pale yellow oil 
was obtained. This oil was purified Dy vacuum Gis b.p. 135-140 /0-3 mm (original 
sub c 0-2 7) and b.p 170-180 0-3 mn : xture fy ind Vb (1 io) The higher boiling 
product was disso j net ether (10 cc in wed to s d over ht at O° with separatior of ; 
pet ether to vield Va (1-02 e 57 ) as 


acetone was 


allowed to 


from acetic 


which was 


recr\ ed fr cet Vb-pn te m.p. 221-223 showed Dy mixed m.p 


yellow columns, 


N- pi VI \ f Va (0-2 2) ethanol (15 cc) was 


catalyst Three 
‘ ‘ rh rther vas very SioW The filtrate 


air 


m 


St was positive in 


30 min, 


lor 


was then 


heated at 85 tor 301 basifed wit! nmonia d substance was 


icted tin iqueous sodiun nvaroxide The 


cx ner $0 x 
ed 1 ty ‘ m bic Tas, ite The precip ited 
solid s extracted th ether. washed and dried. The residue was recrystallized from methanol 


204-205 


54 


H, 5-05; N, 


Ver ny \ Ith) I xcess ol ethereal di izomethane was added 
to a suspension VIL(O-35 methamn (10 cc) and the mixture was illowed to stand for davsa 
room temp. After evaporation of the solvent, the residue was distilled in vacuo, giving VIIL(O 35 ¢) as 
a viscous PD ile vellow oO b.p 175~180 (hath temp.) 0-3 mm 

Picrat Yello columns (from ethanol), n p 196-5—198-5 


(Found: C. 57-59: H, 5°64: N, 11:29. C,,H,..N Ox, requires C, 57-3: H, 5:25; N, 11°3%) 

3- A mixture of VIII (100 mg), chromium 
trioxide (45 mg) in N-sulphuric acid (18 cc) was treated dropwise w th stirring at room temperature for 
a period of } hr with 10-N-sulphuric acid (2 cc). The reaction mixture, which gradually changed 
from orange to green was allowed to stand overnight at room temp The mixture basified with 


aqueous ammonia, extracted with ether, washed with water, dried and acidified to congo red with 


ethanolic hydrogen chloride, was allowed to stand for 5 hr at 0 


i paic yellow rods, m.p. 
d: 1.3: H. 7-74: N. 9-78. C,-H..N.D, requires: C, 71-5; H, 7:7; N, 92%) 
C, H. 4-89: N. 13-59. C,.H..N,O, requires: C, 53:8; H, 48; N, 136%) 
2 4)-N N-” es-N- j Vb \ tion of picric 
vd the er liquor ol ed by filtratio Va and the resulting mixture was 7 
wid 1 es \ rate by a im.p “a 
deter m with Va-pr UCP Te : 
The free base of Vb-picrat $ recryst m pet ether to give pale : 
m.p. 83-85 vielde y 5 Vb and s depressed xed mp. with Va 
C. 71-3: H 4- N. 9-78. C,-H..N.O C, 70-4: H, 7-00; N, 
Amino-N 
ents 
ir e catalyst was concentrated to adoutl 5 cc, Coord ana e separated cry 
et! VI (0-15 g 84°.) as colourless needles, m.p. 210-212 The diaz0 (Cis 
| i: C 79-64: H. 9-44: N. 10-49. C,-H,,N, requires: C, 79-7; H, 93; N, 10-25%) : 
1-H wa VIL) As of VI (1-3 3-N-sulphuric acid 
was C ; f i dro e with vigor s stirt » for 10 m vith a solution of sodium 
nitrite (0°43 g) vale sch. reactio xture ist ed at this temperature =r 
to 50 (56cc) at 70°. The mixture 
% 
(with charcoal and Vii 54 ) was i ic iri colum ] 
(} nd: C. 79-33: H, 9 -Ol N 5-44. C,.H..NO requires: C. 79°6: H, 8:7; N, 525%) 
Hydrochloride: Colourless plates (from methanol-ether), m.p. 279° (dec) 
i: C. 65-6: H. 8-35: N, 4-50. C,-H,,NO Cl-H,O requires: C, 65:1; H, 81; N, 
Picrate: Yellow granulars (from methanol), m.p. 214-21 
( H N. 11-52. C..H..N,O- 1 ress: C, 5635; 
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The separated crystalline [X-hydrochloride was collected and recrystallized from ethanol-ether, 
giving 50 m 


(Found: C, 67-18: H, 7°46; N, 4:35. C,.,H,,NO,CI requires: C, 67:25; 
Picrate Yellow granules (from acetone), m.p. 251 


cel } 


(Found: C, 56°03; H, 5-09; N, 10°89. C,,H,,N,O, requires . 56°00; 


of colourless needles, m p 250° (dec) 


(dec) 


dzements—The author is indebted to Messrs. K. Kodera and K. Furusaki for infra-red and 
let spectral me ren s, and to Mrs. F. Hisamichi and Messrs. T. Yoda and T. Kawano for 


elemental analyses reported 


515; N, 10:3) 
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THE NATURE OF THE STRUCTURE DIFFERENCE 
BETWEEN LIGHT AND HEAVY WATER AND THE 
ORIGIN OF THE SOLVENT ISOTOPE EFFECT'-*—I 


C. GARDNER SWAIN and RICHARD F. W. BADER 
Department of Chemistry and Laboratory for Nuclear Science, 
Massachusetts Institute of Technology, 


Cambridge, Massachusetts 


(Received 19 October 1959: in revised form 28 March 1960) 


Abstract—The observed differences in heat content, entropy and free energy of light and heavy 
liquid water 1 be ilated within experimental error from measured infrared frequencies, using 
a model tor water w tetranedra ar ! i and treating the hindered rotations (librations) 
harmonic oscillators. The origin of the solvent 


of the wate 
isotope effect monatom or n ligt nd a water 1s their effect on the structure difference 
betwee! ht ovides a measure of this structure 
lues of the librational frequencies of H,O 
nd D.O, and 3 ’ ; 5 ict C it cor nt, entropy and free energy for solution of 
monatomic ys in light anc leavy water and individual ionic activity coefficients can be calculated 


from Hvydror im and hydroxide ions ilso discussed 


“SOLVENT isotope effect” is a term frequently used in discussions of kinetic and equill- 


brium processes in light and heavy water for the part of the total isotope effect which is 


attributed to ISOLOpK substitution of the solvent Solvent isotope effects are of increas- 


ing concern to organic chemists studying reaction mechanisms via isotope effects. 
> been said to be due primarily to differences in structure of the two waters.*~* 


They hav 
However, n lication was given as to the cause of the structure of either solvent 


alone, nor any reasons proffered as to why there should be differences in structure. That 
Hlerences in thermodynamic properties of the two 


and solubilities*:'' of salts in the two waters. 


termined a number of exchange constants 


i, Stressed that these equilibrium measure- 


both exchange and transfer 


69 (1940) 


liquids,’~” and in heats of hydration” Ei 
ments unfortunately lump together free energics of Ei 
‘ | tract No A T(30-1 ons 1 hy the 
R. 1 \ Ph.D. 1 ( M.1.T., Dece ver, 1957 
W.S \ ( \ < 59. 185 
; P.M { f 34, R. E. Roberts / 35, 613 
R W. kK H. I A B /. 24, 
EI W.M ( A180, 2 37) 
pf W.C.M 44, 20 194 
C.K.R M Chem. S 60. 4 8) 
; N I MM Pi ci 43, 247 (193 
F. Br K.La™M F. C. Nachod, J. A Che 62, 614 (1940) 
R.W.K rly and V. K. La Mer. J. A Ch Soc. 63, 3256 (1941) 
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Similarly, the understanding of kinetic isotope effects for reactions involving hydroxide 
ion in light and heavy water!® is hampered by difficulty in unraveling the solvent iso- 
tope effect from the effect due to the difference between the reactants HO~ and DO-. 


Calculation of thermodynamic differences for light and heavy water 


Model for liquid water. Our working model is essentially that of Bernal and Fowler". 
From a consideration of spectral and X-ray data they proposed structures in which 
each molecule is tetrahedrally bonded to exactly four others as illustrated in Fig. 1. 
Hydrogen-bonding with this geometry is not possible for other molecular liquids. 


| 


\ 
\ 
\ 


1. Structural element of liquid water 


\ 
| 
wr 


With this model they were able to deduce many of the physical properties of water and 
ice quantitatively in good agreement with experiment. They also concluded that the 
dielectric constants of water and ice and their variation with temperature and frequency 
are explicable only if most of the water molecules are not able to undergo free rotation, 
and hence not free to respond to an externally applied electric field. The dipole 
interaction pictured in Fig. | thus hinders rotation of the water molecules. Pople*® 
quantitatively accounted for the X-ray radial distribution function, the discontinuity in 
density associated with the melting of ice, and the observed values of the dielectric 
constant of water, also by using four hydrogen bonds to nearest neighbors and con- 
sidering the hindered rotation as bond bending. The essential difference between ice 
and water is that in ice the four bonds from one molecule bend only in such a way that 
the lattice order is retained, while in water they bend independently. The bond bending 
in Pople’s theory and its associated force constant may be related to the hindered 
rotation and librational frequency of the present paper. The tetrahedron is not regular 
because the kinetic energy of the librations (hindered rotations) gives a resultant 
average OHO angle of less than 180°. Actually the calculations below for H,O and 
D,O do not even require the assumption of four coordination. However, we assume a 
tetrahedral model for clarity in discussing the kinds of motions involved because the 
evidence for it is so compelling. 

Bernal and Tamm! calculated that the librational motion (hindered rotation) 
1*W.E. Nelson and J. A. V. Butler, J. Chem. Soc. 957 (1938); S. H. Maron and V. K. La Mer, J. Amer 


Chem. Soc. 6, 2588 (1938) 
1% DPD. Bernal and R. H. Fowler, J. Chem. Phys. 1, 515 (1933): cf. J. W. Ellis, PAs Re 38, 693 (1931): 
S. Katzoff, J. Chem. Phys. 2, 841 (1934); J. Morgan and B. E. Warren, /bid. 6, 666 (1938); G. W. Brady 


and W. J. Romanow., /hid. 32, 306 (1960) 
20 J. Lennard-Jones and J. A. Pople, Proc. Roy. Soc. A 205, 155 (1951); J. A. Pople, /bid. A 205, 163 (1951). 


*! J. D. Bernal and G. Tamm, Nature, Lond. 135, 229 (1935) 
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contributes about 17 per cent to the difference in heat content between light and heavy 


ice. They stated that a difference ol comparable maenitude. again due to libration, 
should eXist bet and that this difference would be affected 


b — n is sle letern 
ns cary plays anil npot ant rote in determining 
the differences in thermodyna operties of H.O and D,O. We will show that it 


plays t e red minant 7 ‘termini 
odynamic 


lifarences between light and heavy water by treating the librational motion ol each 
water morecuic aS a na SOLTODIC Wc OSCHIALOI This ap] OX1 
mate treatment of 1 ndered rotation may be justified as follows Pitzer and 
Gwin! \ it ttl ni n parti n tuncti lor a hindere rotor can be well 
) hey ) nartition function tor 
ipproximated by Q OviassO,/Q, where ¢ s the classical pa 
rd roatatio ni ©) a | ntu and classical parulion 
trans on ana fr e qua 
tia 
| for a harn 1 In t of isotopic molecules with no transla- ; 
nctrated 
tio! the rat ed to 0. 0 STOCK nas ace strated 
it capa H.O and D,O can be accounted 
a 
| 
| 
Thus 
nic 
cyl 
(T 
( legrees of 
nal 
K.S 10, 428 K. S. P j 14, 
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integrals contained in Qciass may be equated. The result is that the external degrees of 
freedom contribute the factor (0,’/0,)(M’/M)°* to the total partition function ratio 


O''O where primes denote the heavier molecule and M 1s molecular weight. The 
Y 


hindered translations are of such low frequency (approximately 170 cm~!)** that this 
classical treatment of them is justifiable. 


TABLI 


|. LipRATIONAL FREQUENCY OF WATER AND ICI 
] ( cn cm 
43 667 
10) 667 
667 
10 710 $30 
610 1-34 
The ns were treat endent hal rs The 
listed TI ive rhe 
ce 
‘ 
j 
| 
\ ) ) 
x 
RTS | )— rT | 
hus hs 
AS = (AH — AF)/7 
\¢ OAH / RS 
|) 
\/ \H 
> AG sere iK.B.1 34. 
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where A before a thermodynamic symbol denotes the quantity for heavy water minus 
the quantity for light water, / is the Planck constant, & is the Boltzmann constant, 
T is the absolute ten ire ( ¢ 273-2) and v or 
The standard states are 


‘orcm™ 
5° and | atm pressure, except for A//,, 


rascous Waltcrs under the same conditions 


1S alrequency in sec 
the liquid waters at 2 
which refers to the 


The heat contents are 


re inciuded The 


The 


calculated 


differences 


H,O and D,O; 


( i} n heat contents Hogs H,) 
24 cal mol 


) 


e in zero-point vibrational energies 
atm and 25 Th 


nole~')’ of D, and H, ¢ agreement with the calculated 
f. M. Dole 


(1954 cs 


$ of calcu 


= 
: 2. INTERNAL FPREOUENCITES OF um WaTer at 25 
Vibe ic HO. « DO. on 
sire 440 2500 
y 1440 2800 
oe referred to the electronic energy minima, i.e. zero-point energies 2a 4 
entropies are practical entropies not ng nuclear spin 
i Li... of 1549 ca rte ncludes 103 cal « ribution from anharmonicity 
a, factors. The uncertainty in the calculated value of AH is +14 cal mole™' associated 
are with a 10 cr uncertainty : 
Comparisoi ith ca metrica letermined thermodynamic for H,O 
Table 3 offers a comparison of calculated and found thermodynamic differences of : 
TARLt iP RIMETR PTERMINED HER MODY NAMK 
‘LS O34 0665 0 64 
AA 
ae dom. The found A#/ 1s the heat of the reaction 
at 25° (2096 « 
(Hoos H,) 
section on hvdra and footnote 34 for practical - 
lations 
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values of AH, AS, AF and AL (the difference in latent heats of evaporation) is excellent. 


The value of AC, (the difference in heat capacity) is undoubtedly too small as calcu- 
lated here and the error is probably due primarily to equating the configurational 
integrals 


Comparison of the structures of light and heavy water 


The water molecule in the liquid phase is prevented from undergoing unrestricted 
rotational motion due to its coordination with the four surrounding water molecules 
which make up the solvent “cage”. This is the source of the “structure” of liquid 


water. The stronger the potential interaction between the water molecule within the 
cell and its neighbors, the greater is the structure, and the higher the value of the 
librational frequency, which 1s, therefore, a qualitative measure of the structure. 
Because of the key importance of the librational frequency it i vent to define a 
libration temperature ; Ta 3 t in libration 
temperatures betw light ; : lutions in light ar water) as 
AO he 

The structure 
similar conditions 
energy of interaction W 
water, the amplitudes of 
1s less for heavy water 


Any decrease in 


the hydrogen bonds increa 
motion is practically const 
ture difference between the two waters independent of temperature from approxi- 


mately I} 70°. Wirtz’. from a consideration of the molecular volumes of the two 


j 
Ay 
Ree ructure, e.g. one caused by the addition of solutes, always 
decreases the librational frequency and ind 3A Th jua \ ereiore gives a 
f useful qualitative indication of the structure of H.O under given conditions. The 
quant always changes in the same direc n as the structure tierence Detween 
ngnt and Neavy water (or s ns) ret mez re fs ture differ- 
calculated | tast ul Wit e introduct is ile one 
can detern e ine tn rat ire ine 
ine CC CC ne I ‘ The 
origin Vent IS e eric Ca wal ec ein the 
structure difference A ft two wat ' ' sta 
hrational f1 Fung went Tah | In 
rigiagity is retiected ine nig Vaiue OF DI iene il is § de- 
crease With increasing temperature | I is I reas ccurs near the 
meiting point It has been assumed that thx if tul merenc endent ol 
temnerature in the region of 25° (in accord with the oh i <I f - libra 
tional frequency , and AQ fi 25 to al st 43°). Pople’s the of water also points 
to the fact that while the average value of the angle measuring the extent of bending of 
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liquids and other physical data, concluded that their structure difference was constant 


over a considerable range of temperature. Baker® noted that the viscosity of heavy 


water equals that of light water at a temperature &-5° less. from 15 to the highest tem- 


perature studied, 35 A calculation of the heat content differences at temperatures up 
to 60°. assuming the frequencies to be independent of temperature closely duplicates 
the experimentally determined values. One of the st striking features of equilibrium i 
or kinetic isotope effects observed 1 ht and heavy water is the very small or zero 
value of A¢ n the te " re range |! n app ately 18 —70° as noted by La 
Mer * and Robertson’ t iwh the heat of reaction 1s not independent of tem- 
for reactions in either solvent alone, and the isotope effect on the heat of 


only in terms of a 


region and then 


The structure of water 1s controliecd Dy the potential energy of interaction of the 


pronounced effect on this 
notential energy. Bernal and Fowler’ concluded that not only water but also all 


sinelv charged ions are 4-coordinated in water solution. They defined hydration as 


whel I al y it 1ion—water interaction Was more 


-eative than that for the water-water interaction. In this sense they concluded that 


HH, I Na’. all multiply charged ions and OH~ and F~ are hydrated, while the 


The infrared spect f jor § ns. The structure of water is characterized by 


the frequency of its librational motions. It is natural to determine what effect the 


addition of 10ons is on this frequency ind hence o the structure Of watet lons exert 


be seen trom 


he derived averaged curves in 


ynounced effect upon Ul brational band of liquid wate! 


as can 


Fig. 3. which were generated by correcting percent absorption fo! absorption by the 
empty silver chloride cell and multiplying the resulting percent transmissions by a 
different scale factor for each solution to obtain equal vertical spreads to facilitate 


comparison. Due to the broad nature of the librational band, even for pure water 


itself. one cannot hope to locate new points of maximum absorption with any great 
certainty or to detect any fine structure The qualit itive conclusions are, however, 
inescapable The anions effect the greatest changes. Fluoride ion increases the tre- 
quency al which maximum absorption occurs. ¢ hloride. bromide and iodide 1ons 
give rise to new regions of maximum absorption at lower frequencies Lithium ion 


does not significantly alter the band, but the other singly charged cations absorb at 


slightly lower frequencies, lower the larger the ion. The internal vibrations undergo 


no noticeable shifts in frequency Falk and Giguére”’ have also noted that the addition 


‘ 


of simple salts to water s« lutions brings about a shift in the @, band but has little 


effect on the internal frequencies The effect of added ions is thus to change the 


structure difference (and A@) between light and heavy water. | luoride ion increases the 


structure difference, the remaining ions (with the possible exception of lithium 1on) 


decrease it 


*W.N. Baker, J. Chem. Phys. 4, 294 (1936) 
'M 


Falk and P 35, 1195 (1957) 


2 
reaction is not constant below 15°. This behavior ts explicable 
= structure for water which changes rapidly in the low temperature . 
becomes rc ative nstant ia Lo d 
lonic ition eaquil hy liehft mad heat waler 
ae rem 
a prono nce 
typ 
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Fic. 3. The librational bands of water : onic solutions at 25 Ordinate is percentage 


of total observed change in percent transmission [rom maximum to 12 microns 
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The librational frequencies observed for water molecules solvating ions should be 
practically the same at infinite dilution as in the moderately concentrated solutions 
where they were measured because they are for the relatively tightly held water mole- 
cules in the immediate coordination shell. The frequency of the maximum was found 
to be practically independent of concentration over the range where it was observable. 
At higher concentrations of salt, the structure of the more remote water molecules also 
became broken down as evidenced by a wide range of libration frequencies w hich 
exhibited no maximum before the cut-off region of the instrument. For example, 
fluoride ion exhibited the same maximum in solutions of sodium fluoride and potassium 
fluoride where the ion/water mole ratios were 1/27 and 1/4 respectively. A sodium 
chloride solution with a chloride/water mole ratio of 1/6 gave a maximum at 596 
cm™~!, but a more concentrated solution, 1/4°5, gave no maximum, only a continuous 
increase in absorption down to the cut-off point of the instrument. A lithium chloride 
solution with a chloride/water mole ratio of 1/9 gave a broad flat maximum from 
625-596 cm™', while a 1/8 solution gave a maximum at 600 cm ! and a 1/4 solution 
gave a slight maximum at 596 cm™! 

Model for an ion in solution. Consider the replacement of a water molecule in its 
tetrahedral cell by an ion. Two of the four coordinated water molecules will have to be 
reoriented in the field of the ion so that each of the four will have one of its hydrogens 
directed toward the ion if it is an anion or so that each will have its oxygen toward the 
ion and both hydrogens away if it is a cation. If the ion has a small radius the polari- 
zation effect will be large enough to bind the water molecules more tightly than they 
were previously bound when coordinated about a water molecule. If the ion replacing 
the central water molecule is large, the water molecules forming the coordination shell 
are now more loosely bonded than previously in pure water. It is important to note that 
the orientation and mode of attraction between an ion and a water molecule are 
different than that of water—water interaction. Thus it does not necessarily follow 
because a Na* ion shows a small decrease in the librational frequency that the water 
molecules forming the coordination shell are more loosely held than in the absence of 
the ion. However, a large decrease in the librational frequency such as that noted for 
the Cl- ion undoubtedly does imply looser binding 

Calculation of isoto; ts for ionic hydration. The present goal is to calculate the 
differences in thermodynamic quantities associated with the introduction of a gaseous 


1 into light and heavy water at infinite dilution. This is to be attempted in the 


following fashion ithin the radius of the coordination shell of four water molecules, 
water does not behave as a diclectric medium."*” The heat and entropy differences for 
the coordinated water molecules will be calculated by the statistical mechanical method 
from the pure water and solution librational frequencies. Beyond the coordination 
sphere the field due to the ton | than the saturation value for water, normal di- 


electric properties are again assumed for the solvent, and the thermodynamic changes 


are derived from “Born charging 


Dielectric constants were determined for light and heavy water over a range of tem- 


peratures by Wyman and Ingalls*’, whonoted that they were much toosimilar to explain 
differences in ionic heats of solution. Employing a radius equal to that of the ion*™ 
D. D. Eley and M. G. Eva ans. Faraday Soc. 34, 1093 (1938) 


J. Wyman, J ind E. N. Ing ner hem. S 60, 1182 (1938) 
emploved in this paper are those given by V. M. Goldschmidt, Trans. Faraday Soc. 25, 


P 

32 
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plus the diameter of the water molecule (2-76 A) in the formulas for Born charging 
effects gives heat differences between D,O and H,O of only 7 cal mole and free 
energies of only 2 cal mole for the ions considered in this paper. A difference of 
7 cal mole is equivalent to an error of | cm~ in the librational frequencies. It does 
not seem realistic to retain a value which is small relative to the differences arising from 
the innermost shell and is actually less than the uncertainties of both the experimental 
and calculated values. 

Therefore essentially all of the isotope effect on a heat or entropy of ionic solution 
at infinite dilution must have its origin in the motions of the four coordinated water 
molecules. The internal vibrations of the water molecules are taken as unchanged in 
the resulting solution,® and since there are practically identical potential fields for 
isotopic molecules there will be no direct contribution to the isotope effect from the 
monatomic ion itself. All of the thermodynamic differences for ionic solution in light 
and heavy water will arise from differences in the librational frequencies alone, i.e. 
from changes in A#. Therefore, the difference in free energy of the four coordinated 
light and heavy water molecules upon changing coordination from a central water 


molecule to an ion is 


AF 4rTin (1) 


where the partition function ratio (Q,/Q,'), is determined by the A@ between the two 
ionic solutions, (Q,//Q,),, is determined by the A9 between the two pure waters, and 
the factor of four arises from the assumption that four water molecules are coordinated. 

Thus the librational frequency is to be employed to determine all of the thermo- 
dynamic differences. The calculations will of course be carried out for individual ions. 
Since the maximum for the librational band in an observed spectrum is difficult to pin 
down exactly due to the broad nature of the band and overlapping effects, it will be 
more practical to begin with the observed frequency for one ion with a clear maximum 
in its spectrum. From this value and observed" differences in heats of solution of salts 
in light and heavy water (Table 4), the individual heats of all of the other ions may be 
tabulated (Table 5). The corresponding values for the librational frequencies may then 
be determined for these remaining ions by performing the calculation in reverse, and 
the values for the librational frequencies thus obtained compared with the experi- 
mental observations (Table 6). By proceeding in this manner the theory may be com- 
pared with experiment and at the same time the best values for the corresponding 
entropies obtained. The fluoride ion exhibits a maximum in the librational band at 
698 cm™ in solutions of both sodium fluoride and potassium fluoride (see Fig. 3). 
The librational frequency for this ion and that for pure water (667 cm~" are taken as 
the basis for the calculations. The quantities AH,,, AS, and AF,, (Table 3 footnote a) 
are calculated for three-dimensional isotropic harmonic oscillators of frequencies 
wo, and ow,’ w,/1-3815. The quantities AH,, AS, and AF, are determined in a 
similar fashion from A@,, the new value of A@ for the ionic solution in H,O. For 
example, the isotope effect on the heat of solution of a gaseous ion in light and heavy 
water is AH, = 4AH 4 AH. where 4 AH, is the difference in /ibrational heat con- 
tents of four heavy and four light water molecules coordinated to an ion in solution 


** A small change in value of an internal frequency will not sensibly affect the zero-point energy difference, 
and the Einstein contributions from these frequencies are negligible. Furthermore, a structure-breaking 
ion would tend to raise m, and@, but lower the bending mode ,. The reverse would be true forastructure- 


forming ion. Thus for any one ion the small changes in frequency would tend to compensate 
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and 4 AH. is the difference in librational heat contents of four heavy and four light 


water molecules coordinated to a water molecule in pure liquid water. The quantity 
AH is the difference in the heats of the two reactions 


xX 4D,0,,, X (4D,0) (2) 
xX 4H,0,,. ——” X (4H,O) (3) 
and is therefore the he: the reaction 
(4H,O) 4D,0 X (4D,0) 4H,O 


for transfer of an ion fro! eht to heavy water.** 
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Isotopic differences in heats of solution, listed in Table 4, were shown” to be 
independent of concentration below 0-5 moles of salt per 100 moles of water and so are 
valid for infinite dilution. The results of the calculations are given in Table 5. Although 
the band maxima cannot be located accurately, we have listed in Table 6 the observed 
regions (+ 10cm ') of maximum absorption (cf. Fig. 3). In every case the band extends 
to the frequencies calculated for the different ions. Spectra of lithium chloride 
solutions show that the lithium ion leaves the water band undisturbed. No new 


TABLE 6. COMPARISON OF CALCULATED AND 


OBSERVED LIBRATIONAL FREQUENCIES 


lon 


Na 
K 
(H.O) 


maximum was observable for this ion in lithium chloride or lithium bromide solutions. 


rherefore, the value for pure water has beer itered in parentheses for this ion in 


6 (with the 


Table 6. The agreement between th ond and fourtl ylumns in Table 


} 


exception of the iodi n wi is discussed below) is very satisfactory. The agree- 


ment provides some a posteriori justification for the approximations which have been 


made and suggests that 

light and heavy water is indeed due to changes in th ructure difference between the 
two waters. The agreement in Table very dependent upon the numt f water 
molecules which are assun to be coordinated to the ion. The calculated value the 
librational frequencies were arrived at : iming a coordination number of four. 
Table 6 also shows tl sults of calculation f the librational Irequency 

largest ions (Cl-. Bro anc if coordination 1 yf six are assumed. This 
change in coordination number produces a change in the calculated librational fre- 
quency large enough to be detected entally he results suggest that while 


rit 


loride and bromide ions are fi ’ inated in aqueous soluti iodide 
ion may well be six-coordinated, ; ‘ ; the largest of these 
anions 

VMultiply-charged ions Although no measurements were made with multiply- 


charged ions in this study, one can calculate in the same way from heats of solution” 


that the water molecules coordinated to Mg and the heavier alkaline earth tons 
would also have very slightly decreased librational frequencies, structures and structure 
differences A§. These calculations were made assuming a coordination number of 6. 
If the coordination number were 4 the shifts would still be in the same direction, 
but slightly large 

Heats of solution. Addition of the values AH, for any anion-cation pair gives the 
isotopic difference for heat of solution of the salt in light and heavy water. Only the 


Calc. « cm for : 
( Ibs 
4-coord 6-coord — 
SYR 621 600 
Br $73 604 580 ; 
A Li 664 (667) 
a 6345 650 
625 620 
(66/7) 
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considered each ion as coordinated with four water molecules. However, this is as far 


as he accepted the model, for he always considered water as coordinated more tightly 


to the ion than to water in pure water no matter what the tonic radius. For the entropy 
change of the w r molecules coordinated to the 1on, he used 4 times one half of the 
entropy decrease of a water molecule changing from liquid to ice. Thus he always 
considered the water as 1 >t und a more res d in its movement when 


bound to tl he finds that 
e quantities back into 


e water 


and the 


struc- 
no 
the 


tor 


line he postulates a “fluctuation entropy which arises in the outer layers of (hj! 

; molecules surrounding the primary coordination she The presence of the ion 7/7 . 
reorientation of t water molecules about the ion disrupts tl tructure of the sur- : 
round waler n in nity Int poundcar®r' iver the 

— tur f water will be broken down b s¢ the 1on W 3 « rd tion spl ; 
Known results and r factors Dutt fluctuation entropy, h« is Sol 
ind tal ted tl itter ntity 
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2 and 3 respectively. Therefore A/ 
light to heavy water at inf 


Althoug! 


is the free energy of transfer of an anion from 


lite dilution (the free energy of equation 4) 


tv coefficient ratio is defined for infinite dilution, it ts probable 
very little at higher concentrations. For example, the 
the cells 


Cd-Hg (2 phase)/Cdl, (m in H,O)/Agl-Ag 


Cd-Hg (2 phase)/€ di, (m in 90°. D,QO)/Agl-Ag 


res by only 0-0045] 0-00573m (moles of salt per 55 5] 


and | \/ 


llog 


in the two wate 
Menzies" 


55-51 moles « 


nt isoTo 
The direction and magnitude of kinetic solvent Isotope effects (not due to transfer 
of a proton in the rate-controlling Step) are determined by the difference in A9 between 
the transition state and the reactants. A reaction which destroys the structure of the 
water in the formation of the transition state (by the creation of charge) will proceed 


7H. W. Birnthaler and E. Lange, Z. Electrochem. 43, 649 (1937 


: 
4 
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that it generally cha 
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solubility ratios 7 expressed in moles of solute per of solvent 
i are ; realer t nity for the salts studied and increase as the ionic radii of the ions 
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more rapidly in light water. A reaction which returns structure to the solvent when 
the transition state is reached (by neutralization or distribution of charge) will exhibit 
an enhanced rate in heavy water. These concepts will be expanded and exemplified in 


~ 


later papers. 


Hydronium and hydroxide ions 

Hvdronium and hydroxide tons contain exchangeable hydrogen atoms and there- 
fore the degrees of freedom of the ions themselves will contribute to their thermo- 
dynamic differences when they are solvated by the two waters. 


Noonan and La Mer" studied the two cells 


D, |DCI (m in D,O)| AgCl-Ag 


H, |HCI (7 in H,O) AoCl-Ag 


over a range of temperatures. They were thus able to determine the free energy, heat 


content and entropy changes for the reaction 


HCi(H,O) 4H, -+- DCIK(D,O) (6) 
As they noted, equation 6 and its measured thermodynamic properties do not allow 
one to determine any of the differences between the two hydronium ions since the 
reaction involves the transfer of the chiorid n from light to heavy water. Expert- 
mental thermodynamics ds information pertaining to a pair of 1ons only. How- 
ever. the present theory pet S$ Ol o determine individual ionic differences for the 
transfer of an ion between the two waters nd thus equation 6 may be employed in 
coniunction with the theory for the determination ol the thermodynamic differences 
between D.O* and H.O By proceeding in this fashion the values obtained will be 
hased on the same scale as all of the others 1ons as O! ginally fixed by the frequency 
val assigned to fluoride ion and the heat data for the monatomic 10ns. Equation 6 


D.O (4D,0) Cl (4D,0) H,O 2(4H,O) 


ior ch oride 


erences 


Employing values determined R € 

ion (AG,) and for the pure waters ( \G and measured® differences for the pure 
waters (AG, ,) and the two forms of hydrogen gas one obtains AH 7579 cal 
mole-ion™!, AS 6-173 cal deg! mole-ion™' and Af 9419 cal mole-ion~ for 


H,O* at 25 
Furthermore, it is possible through 
obtain sufficient spectroscopic data on the hydronium and deuteronium tons In light 


and heavy water solutions respectively to calculate AH,, AS, and AF, from first 


the use of infrared and Raman techniques to 


principles. The values determined in this manner are completely independent of those 


determined above. The values of the internal vibrations employed in the calculations 


were those obtained by Ferriso and Hornig” trom their investigation ol the infrared 
spectra of H,O°* ¢ |- and D,O*CI-. We have observed essentially the same spectra for 


solutions of HCl and DCI in light and heavy water respectively, as have Falk and 


8 Eo. C. G. Swain, A. D. Ketley and R. F. W Bader. J. Amer. Chem. Soc. 81, 2353 (1959) 


Ferriso and D. F. Hornig, J. Chem. Phys. 23, 1464 (1955) 
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which they 


Case 
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Gieuére”. The only change from th; 
indicated that the hydronium leaves 
leaves the libration band of water unchat 
solution. Ferris Hornig noted a band at 770 cm~! in solid H,O°Cl i! 
ascribed on Ol We | 1 Raman band for the ion in é 
solutior 643 r HC! and 465 « for DCI. These y be treated like the 
I ra data one calculates the follow- 
\ | 5 
ing 1 c differences \/ 456 « mole-io1 \S 6-082 cal 
deg \/ 9? yle-10 The values differ from the 
I ess of the values so determined and a A 
Ip.O %4H.O HO 9H.O (4H.QO) (7) 
per r A/ ergy change for this iction 
| Vatel a sire cid than 
y water ata nu her of 
H t obtained by Ab 
| ts 1 i water A A 
1.0) DO-(4D,0 (S) 
differences b en DO 
HO | Ca e-10N 
ion leaves 1 rational 
dox e pe eff y cl e structure of liquid water, and 
differenc tween DO™~ and are « p Cl] lifferences in vibrations and 
differences for deut« d d hydroxiad in to that performed for the deu- 
lero! ind hyd Ol ugg that the hydroxide 1on also experiences a 
; barrier to free rotation in aqueous solution. The hindering potential HE is 
ow. F. K. Wy j lay S 32. 139 )3 
Abel, E. B O.R P ( 4173, 353 
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much smaller than those encountered for water or the hydronium ion since the libra- 
tional frequency in this case is judged to be in the region of 475 cm~. 


The relative basicity of the two tons 1s determined by the equilibrium 
2D0~-(4D,0) 2(4H,O) H,O 2HO~(4H,0) 2(4D,0) D,O (9) 


for which AF is calculated to be —691 cal. The value of the equilibrium constant 1s 


therefore 3:21. Deuteroxide ion in heavy water is thus a stronger base than hydroxide 


ion in light water. This result is in agreement with observations obtained from kinetic 


studies. Basic hydrolyses and reactions which are base-catalyzed proceed more 


rapidly in heavy water than in light water 


EXPERIMENTAI 
obtained by pressing 
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| 
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‘ S50 cm vere observe pe po e temper i at iture of added solute molecules 
bath thre meta l cro-¢ The er ride plates 
The ther is thus 
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The thermodynamic differences characterizing any structure difference between a 
mixture and pure H,O, or between solutions of ions in these solvents, are evaluated by 
considering only those contributions to the terms (G G,) in equation 2 which arise 
from the librational degrees of freedom. The term (H, — H,) determined by only the 
librational motions was previously* designated as AH( — — H.’ — H.) 
and calculated to be —582 cal mole, by treating the librational degrees of freedom 
as arising from isotropic three-dimensional harmonic oscillators of frequency @, and 
ow (I/T'Y’2 where o, is the observed librational frequency of the light water molecule 
and ///' is the mean of the ratios of the three principal moments of inertia for H,O and 
D,O molecules. The present AG,, quantities will also contain a librational contri- 
bution from the term G, — G,(= GU? — Gk? = G G,,) and this may be 


calculated from the value of @. in a similar fashion by assuming the librational 


frequency of an HDO molecule to be given by 


where ///" is the mean of the rat f moments of inertia for H,O and HDO molecules. 


has a valu heref cture differences will be 


The factor 


voverneda 


by the three librational frequenc cm™~'), (482 cm~') and 


y 


. An almost identical result would have been obtained for ™,” (566 cm~') by 
etric mean.* The isotopic excess functions which 
rences between H.O—D,O mixtures and pure HO can 


H.O D.O = 2HDO 


and not involving 

st linear behavior. The add 1 of an anion to lution the light and heavy 
waters will change the librational frequenc! if the water molecul n the 4-coordi- 
nated shell of the ion and thus the st litlerence om those the pure waters 
at that particular value of a. ¢ alculations are done as before (Ref. 2, footnote 34) 
except that from the one new librational frequency for H,O both wm.’ and »,” and 


'G. N. Lewis an or! ne 1 1933 Topley and H. Eyring 


(561 cm 
emplovir 
employu 
now be calculated to be 
\H SSI-9A 348 -ON,, 
\S 1-O67A 
\/ 900-1 503-4\ - 
The equilibriu K, lor the reaction 
(3) 
has a value of 3-96 at 25 nd the mole fraction of deuterium ~ Is given Dy 
(2N \ )/2 (4) 
The values of the isotopic excess functions which characterize the structure differences , 
between H,O—D,O es and pure H.O are shown in Fig. | as a function of the ; 
mole fraction of deuterium, «. The valt f AH... TAS. and AF, are almost linear 
7 functions o 
The solvent isotope effects. i.e. those due only to a change in the structure difference 
J. Che P as 1934 1B CISC / 23, 2264 (1955 
H. C. Ure J. Chem. Soc. 569 (1947) 
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ae a : the experimental points of Lange and Martin® are also given. These authors felt that 
‘ le | let 
oo. | their data were best represented by a simple linear relationship as indicated by curve C 
eo in Fig. 2. The calculated curve lies outside of all the yerimental points. The maxi- 
ae mum deviation from tl traight line approximation is 25 cal mol salt, slightly 
7 larger than the rep d experimenta of 20 ca of salt. This simple 
i a approach to the prol er, re ed curve W sin good general 
oa agreement with tl xper tal one. It ell | t the correct form of the 
J 
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A 
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| W M ( A178 
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: water results in the forma- 


H.O-. H.DO~. HD,O’ and D.O”, which 


r rate, which Is a 
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ring basicit of the 


difle 
| water present avy water. Betore treating any 


one must ne the equilibrium concentrations of the 


1 ions for any mole fraction of deuterium present in the solvent 


For a given concentration of lyonium 1on In solution (1.e. for a given molar con- 


centration of a strong acid) there are seven equilibrium concentrations which must be 
To calculate 


determined. those of the three waters a ‘d the four forms of lyonium ton. 


Vv. K. La Mer and E. Noonan, J. Amer. Chem. Sov 7 (1939) 
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these quantities six more relationships are necessary besides the given total concen- 
tration of acid. For dilute solutions of the acid, it is possible to employ the same three 
relationships which were used to determine the concentration of the three waters in 
pure H,O-D,O mixtures (equations 1, 3 and 4) 
given by the conditions governing the equilibrium between the various forms of 


Ihe three remaining expressions are 


The reaction 


lyonium ion and the three waters. 
2D,0 

is equivalent to equation 7 of part I 

there as 8-200 


ions. However, it was 


solvation of the 
leaves the frequencies of the surrounding 


equilibrium constant Is o 


fore the same 
In other words there 
kind” for H,O* and D.O 
lyoniu 
the ratio activity coefficient of H.O 
and 1 

lent t 

treatn 

were 

a procedure 


IS the Cqulll 
2D,0 -(D,O) 


i.e. they were n 
hence could 1 

Purlee 
mental data lo arr at this value he 


chloride ion from H,O to D,O is RI 


used a 


measurements of Schwarzenbach on 


junction potentials between HC! solutio 


correction 1S 1n 


solution in H,O. Thi 
lated value of A/ 


junction cells and these assumptions about 


ny) 


In order to calculate the equilibrium 


HD,O 


calculated directly since their spectra cannot be observed 


3H,O = 2H,O 


[he equation, as written above, 
eviously pointed out that hydronium ion 


, 


The same will 


3H,O = (H,O) 


oncentrations of the species H,DO 


it is necessary to determine thei partition function ratios. 


3D,0 


and its equilibrium constant (K,) was evaluated 


omits the waters necessary for the 


our water molecules unaffected and there- 


with or without their contribution. 


no free energy of transier or solvent Isotope effect of the “usual 


of course, hold true for the other two 


m ions in mixtures of light and heavy wat [his is equivalent to assuming that 


isomers 1s unity 
, 
This 


zenbach? in theu 


that of anv of its isotopic 
IS equiva- 
assumptions 


) experimental dence to favor 


used the value of 15-3 


and Butle 


2C! (H.O) 
yf transfe1 the chloride ion and 


Caicuiations 


140 cal 
junction cells by assuming equal liquid 
ither H.O or D.O vs. a saturated KCl 


direction, but is less than our calcu- 


free from this dubious use of liquid 


liquid junction potentials 


and 
These cannot be 


However, a very reasonable 


assumption may be made, equivalent to one used earlier by Schwarzenbach’. The 


assumption IS 


30 


3Q 


where each Q, is a partition function. 
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* G. Schwarzenbach, 7. Electrochem. 44, 46 (1938) 
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that progressive substitution of deuterrum for hydro- 


mean? is equivalent to assuming 
n thermodynamic 


gen in hydronium ion brings about equal stepwise increments 1 


differences. In effect, each HO bond ts considered as an independent entity in the 


hat the HO bond of HD,O* is considered to have the same fundamental fre- 


sense U 


in H.O The factors of t ‘¢ take into account the different 


quencies as an HO bond a 
and D.O possess 


mbers of H,DO* and HD,O™ are 


orientauons 


DO] ((H,O} 
H.O H,DO THLOVIHDO 


HD.O 1y.0) HDO 


A,{D,O 


(10) 


The units of 55-5) of solvent. 
The four alue of the deuterium 
content of the solution and any total niul yn concentration. The ratios of the 
by the above four equilibrium constants and 


ne 


lvonium ion concentrations are fixed 


independent of any other processes occurring in the solution. 


2 . 
metrv numbers of three while the symmetry numbc 
unity The svmmetry number is the number of indistingulsha0 
able by rotation of the molecule and 1 divisor reducing the partition functions The Ss : 
partit function ratio U i) mav be calculated from the value ol K., and the 
calculated vaiue of the partiti function ratio ol and heavy water.* 3 
O O 1437 
4 
i) i) 19023 
() 4-70 is 
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H,DO HDO H.O ()-9420 (8) 
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A strong acid in a mixture of H,O and D,O is completely dissociated into its con- 
jugate base and the four different types of lyonium ions. If, for convenience, the total 
acid concentration [L,O*] (= [H,O°] + [H,DO*] — [HD,O*] + D,O*})) is taken 
as unity, all four lyonium ion concentrations may be calculated for varying mole 
fractions of deuterium. The results of such a calculation are illustrated in Fig. 3. The 
most important feature of this plot is the lack of symmetry, which is a direct conse- 
quence of the differing acidities of the four lyonium ions. The progressive substitution 


of deuterium for hydrogen increases the acidity of the ion with the result that the ratio 


D.O 
dissociation constant of a 
id in mixtures of light and heavy water will | ale -d and the values obtained 
d with experimentally determine: 
Other acids than lyonium ion are generally dissociated to a greater extent in light 


water than is the deuterated form of the acid in hea water. 
HA H,O = H,O 
DA D,Oz D,O 


One reason why the ratio Ky,,/Ky, possesses a value greater than unity is the fact 


that deuteronium ion is a stronger acid than hydronium ion. The other determining 


factor is the strength of the acid HA. The weaker this acid is, the stronger is the HA 


bond and thus the greater the zero-point energy difference between the acid and its 
deuterated form. Therefore, the lower the acidity possessed by HA, the greater will be 
the tendency for the deuterium to concentrate in the undissociated form of the acid. 


4 
‘iy 
i 
{) 
of D/H Preater inti ent thanint rns VW en the mole tracti n of deuterium 
; in the solvent is O-S¢ Iraction of deu I the ns IS ly 0-4]: similarly 
lor a solvent deut¢ in ole Traction U'YU, terium mole iraction 1n the 1ons 1s 
Os Ihe OH bond strength is greater for ter than for the tor [he zero-point : 
enere”ey Is us greater lor water than tor the i ind thus the deuterium shouid concen- 
trate in the water as found 
Ca 
we 
co 
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This effect enhances the former one with the result that Ky,/Ay, should increase 
as the acidity of HA Is decreased. 

Dissolving a weak acid in a mixture of light and heavy water establishes equilibria 
between HA. DA and all four different lyonium ions. The dissociation constant in a 
mixture of deuterium mole fraction ~ Its 

[L,O° 
K 
[LA][L.O}y 
where [LA] [HA] [DA], [HDO} [D,O], and each ts an 
activity coefficient. Combining equations for A,, K,,, and A,,, gives 
Kuss [H,O* |[L.O}y K,,,{D,O° 
A [L.O° K,,,{L,0° |[D,O} 


where all concentrations and activity coefficients refer to a mixture ol deuterium mole 


Water une 


Since H.O. HDO and D,O 


listurbed 


‘ ivity coefficient ratios in equation I] 
L.O] and [D,O}/[L,O] can be calculated 
in and [D,0°]/[L,O*] can be 
mm K,, K, and A, (equations 7 h ,,/K, and hence A, can 


ted for any deuterium mole tract! } { shows the calculated results for 


calculated 


0-02 M stoichiometric acid cor ntrat 1) 


La Mer and Chittum" have determined K,,,, Ay), and a number of AK, values for 


ry 


d in 0-02 M stoichiomet yncentration by a conductivity method. Theu 
val , and A,,, are | >and 0-555 10-° respectively. By convention 
(D.Oly,, ,, and | , are set equal to unity. Also Was 
assumed to be independent of 2 This is reasonable because A~ and HA are of similar 
size and the charge on A™ is on oxygen, just as in hydroxide ion, which ts known to 
leave the structure of water undisturbed.- he agreement between the calculated 
results (line) and experimental results (circles) in Fig. 4 ts excellent The pronounced 


dip in the value of K. as noted by La Mer and Chittum is predicted by the calculations. 


Vv. K. La Mer and J. P. Chittum, J. Amer. Chem. S 
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Their results show a maximum deviation from linearity of —12 per cent and the calcu- 
lated ones give a value of —11 per cent. The good agreement between the experi- 
mental and calculated results provides an a posteriori proof of the assumptions made 


in calculating the partition function ratios for the species H,DO* and HD,O*. Fig. 4 


also illustrates the variations in the concentrations of the four lyonium ions for acetic 
acid where K, [L,O°*], i.e. when [A~] = [LA]. 

{cid-catalyzed reactions in mixtures of light and heavy water. As first noted by 
Gross" and later elaborated by Butler* and Purlee"’, a study of the variation in the 
rate of an acid-catalyzed reaction as a function of the deuterium content of the solvent 
may allow one to differentiate between possible reaction mechanisms. 

First consider a mechanism in which the substrate S reacts with acids via a transi- 
tion state of composition (SH*)*, i.e. one not containing the elements of any additional 
solvent molecule or bas« [he rate of such a reaction is proportional to the concen- 
tration of the protonated transition state SH*] 

Among other possible mechanisms for an acid-catalyzed react are ones in which 

‘transition state has the composition as it might if the proton transfer from 


reaction of a 


1e transi- 


ilculated 


H.O 
H.O HO 


[D.O},, 
(12) 


rhe ratios of activity coefficients may be set equal to unity for the following reasons. 


| 
the acid HX were rate determining) or (XSH)* (as it might for a sloW 
eats base X~ with SH The rate is then dependent on the nature of X. 
a ae . For the first transition state (SH*)*, the isotope effect can be calculated as a 
nels ee function of x (the mole fraction of deuterium) a own below. If instead (ham 
ae tion state is (SHX) r (XSH)*, the isotope effect need not follow this call é 
ae dependence on [he present calculations are based entirely upon the results that 
3 ; have been obtained by 1 ise of t present t ry. In a mixture « sht and heavy 
ae water there will be a sex ter! 1 the rate expression proportional to the concentra- 
I 
a tion of the deuterated t1 tion state [SD [he two transition states are in equill- 
oa briul vith all four d lyon ons. However, these ec bria are not all 
independent, and uftficient tor the present purpose to consider only two a 
I I 
H.O $= SH A 
D.O S=<~SD kK 
Ihe ratio of the ord y experimental first-order rate constant in a mixture of H,O ‘ 
and D,O to that H,O 
SH [SD 
ISH 
where the starred concentrations are eflective concentratio which, like the K? 
constant include tl live mas crossing the Darrie! Henc 
: (4 ) ) ) 
i | it it ‘? it 
4 
q Gro H. Ste i Kraus Far 32, 877 (1936); P. Gro and A. Wischin, 
‘ 32, 879 (1936); P. Gr H.S rand H. Suc Ibid. 32, 883 (1936) ‘ 
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Ihe agreement of « lation with exper nt was shown for a number of reactions 
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better than the value of 15-3 used by Nelson and Butler® 
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fraction of one electron from an s to a p orbital. Experience teaches that, in the 
words of Mulliken, ‘a little hybridization goes a long way’, so that only a small 
admixture of s character greatly increases the bonding power of o,, and at the same 
time involves not too great an expenditure of promotion energy. Consequently it 


can be concluded that will be predominantly a p. orbital with ne admixture of 


s character, and nversely, a, will be predominantly an s orbital with some admixture 


f carbon monoxide. since the atomic orbitals of the two atoms which 


on interacts 
pair of the carbon 
and the lone pair ol 
Che ionization potentiz 
basic lone pair. This relatively | 


is largely p in character and thu: rongly 


manv reactions in which carbon monoxic ts as a nucleophile. he ionization 


potential of the oxygen lone pair is relatively high and these electrons are thus un- 
available chemically; further, the orbital has predominantly s character, and is accord- 


ingly not strongly directional. The lone pair electrons on the nitrogen atoms in N, 


are similar to those of the oxygen atom in CO. These facts explain why the reactivity 


amectric PI 


l t ly opposit that made by W. Moffitt, Proc. R S 4 196, 524 (1949) 


forming the pond essential! , and hence the 


This assignment is 
the orbita nvoived if 4 


who assumed that 
orbital containing the lone pair on carbon has 75 r cent s character. 


of p, charactet 
=== 
— 
| 
® | 
| : 
form the siema bond need not be ex ‘ st aleo he 
considered. It 1s Kno that 1 al Cc Oo form bond only if 
ther neroies are ta spect (B tne nergy level 
diagram. shows that this criterion « ar ene eS ca y be me of 
en to form the sigma bond As a result, the lone 
i will be a oribital and have largely p. character ; 
atom will be in and have largely s character. 
thy sit matrina 2 latival 
90n lone pair is thus quite low, making It a relatively 
| 1 +h 
th energy level of the lone pair and the fact that it 
lirectional must be responsible for the 
: 3 


and M. ORCHIN 


he carbon atom and is so much greater than that of 


esides on u 
reactivity of carbon 


unusual ability of 


transition metal 


e moire 


orbital local 
ter An approximate 


ilent il localized, 


two nitrogen lone pairs 
orbitals is predominantly 


Thus the qualitative 


ne out by use of the more 


noxide is that, upon 1oniz- 


ormer decreases whereas 1n 
for N, in Fig. I(A), in which 


consistent with the observed 


*s calculations which take 


highest occupied orbital is one 


ie basis of quantitative calculations could 


‘vels would be retained o1 whether the 


lic above The schematic diagram of Fig. 1(B) for CO has the lone 


pair orbital of carbon as the highest occ upied orbital and hence removal of an electron 


would not lead to any bond-weakening. Furthermore, ionization, which according 
to Fig. 1(B) occurs essentially at the carbon atom would increase the electron affinity 
of this atom and hence lower its energy levels and permit a more even distribution of 


the bonding = electrons between C and O, thereby strengthening the bond. 
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of carbon monoxide 1 
nitrogen 
The energy level d a 
: monoxide rd nucleophilic reagents (c.g. as well as the 
carbon monoxid cept DaCcK-d il rom filled rhitals i) 
tion oO MO d ra tt vit to the pz orbitals ol 
‘ 
a preao J OT O! ii « ga muen al l- 
) ) | ) in of th vilh a lr 
orb ) eK e im th at td r 
d hb ( i j e and mu pied DV a large 
lo test these qualit e com ) the data available for thesamummmcules ee 
t 1s eces ytoU ca g orvditais into equi alent or localized é 
orbita Unt itely this transformation involve yme arbitrary decisions and ae 
msideraD nd juently only roug! nproximations will be used 
ner » tra ) ed ro is of CO into set of “localized orbitals.” a 
Fron t < ted that tl one pair orbital localized predominantly 
domina y on carbo pproximately 8 per cent charac ‘ 
transfo tion of Scherr’s 3 nd orbitals leads to equiv es 
At the rogen atom on which ¢ ft these equivalent 
conclus s regard ybridization shown in Fig. | are borne 
quant itive ca tions 1 the literature 
ation. the bond strength and internuclear distanc in th Po 
} | diag 
CO both increase [he schematic energy level diagran 
the highest occupied orbital is a bondin id): le 
bond-weake effect of ionization. However, Scherr 
7 one decide whether in N,* the sequence of levis 
7level would 
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Abstract—The synt 
describ I 


prelimi! iry reports on the 


t juile mpure sample olf t 
on which Collins and Br n’s mments appear to suggest 
Bhide, N. L. Tikotkar and D. Tilak, Chem. & Ind. 1319 (1957) 
V. Bhide. N. R. Pai, N. L. Tikotkar and B. D. Tilak, Tetrahedron 4, 420 (1958) 
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at. 
: ( Rec 131 Ma 1960) 
re | B Lier the t! ec nin since J 
ie it failed to undergo St e ¢ ensat A diet ICC te 
i 2 WORK is in progress on the fotai synthesis of heterocychic steroids wh n the hetero 
— atom forms a part of the cyclopenta-(a)-phe threne unit, and where the essential 
4 Structural features ass¢ ted with th C d iecule such as the angulal 
methyl ornann s and lay her | pattern have 
been retained in the 1 nt positions. | steroidal alk is are representatives of ¥ 
a the heterocyclic steroids, but in these cases the ero clement Is ni part of the C,, 
Steroidal Sxeieton, 
] thase 
Ihe phenolic estt nic steroids were cl tarting materials owing to their 
; mel [he phenanthret rid posit t steroids was rep d by the hetero 
atom by substitut the B-1 r by the e, n and py! ‘ 
the uly ir 
Structure and the tota ynthes ol pheno ana desoxyequlienin 
(1)?:3.5 and 3-desoxvisoestradiol (I1)* have been reported. The prese paper records ; 
an unsuccessful attempt to synthesize B r-6 equilenin (la). In parts IV and V of : 
this series, the work on furano and pyrrolo steroids will be described, although 
“ 
Synthesis of furan steroids” and aZa-steroids‘ Nave aiready 
been put usned, 
* Part Il, Reference 4 t 
q IN. N IL. A.G A.LK | 47, 7520 (1 3); 49, 245 
2R. B. Mits dB. D.1 Sci. J 14B, 132 (1955 
R. B. M 1B. D. 7 Ind. R ISB, 4 
‘R. BLM i and B. D. T R 15B, 
sand E. V. Brow Amer. Chem. 79, 1103 (1957). nd Bri ve wrongly 
conclude: t “the paper by R. B. Mitra and B. D. Tilak reac t] eo ne <“f 
equlic! We, did not p compoul! m.f 154 ( S Bre ta d in the 
hvdrogenation of dehydrot R but ob ed | r omeric for m.p. 90-9 ind m.p 
: 146-148°. The two compounds ga most identical U.V. spectra ch wet y similar to that of 
1,.2,3,4-tetrahydrodib oO ophene, and differed marked tro t pectru ot ydrothiaegullenin, 
m.p. 172°5-174 Compound, m.p. 154°5° obtained by Co s and Bro ive a U.V pectrul milar ' 
to that of dehydrothiaequilenin, and they concluded at the two ere polymory c lor ol the same 
4 comp S t 146-148 lentical I m.p. 90—-92°, and very 
diff at m.p. 154-5", a 
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¥ 
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R R 4 
F R=OH 
1924.1 lrodiber i\ ‘ of ¢ et] xvi nh 
| 
VI 
| 
2 
Vil \\ kK H 
‘ on 
‘ 
Vu 
| | | ) 
VI 
iXa a the 
\ pt to ixb wa one. it due 
| p. f IX ht | 
Sl n n led cl rinated derivative of 
A ) j ‘ 
CH B.S 
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m-methoxy-benzenesulpheny!| chloride. Interaction of the latter and the sodio 


derivative of cyclohexane-1,3-dione gave a very small yield of an impure product 


which analysed for C,,H,,O,SCl, and may be represented by IXc. Attempts to 


CH.) —COOX 


R R, ¢ 
H.CO R Ss 
ry 
prepare the sulpheny! bromide gave similar results 
Villa: on , A=GA R = OCH., R R H 
Villb: H IXb R, R,, R H 
Ville ! xX H R OCH R R Cl 
Finally was s d Condensati Ol XVI phenol 
ss with ethyl 6-<« ( ite (Xa) ) line gave ethyl ¢ nhenvl- 
mercapto)-5-oxo-caproa XI Cyc the ter wit yphosp cid 
cation to VIII« y cy to I\ 
with d chloride ereal 
: ; solution of the I t treatment 
| Comy X tab accurate 
an Rane of Ville and oxid product 
nara-D Vill Vil ed 
& 
4 XCH CH COOR 
Xa ( RR C.H 
x x ( CH 
XI R 
XI 2, R CH 
XII—N.CH—CO—(CH.),—COOR 
XI la n RR 
XI1b n 2 R CH 
Since glutaric acid required for the nthesis of XIla is difficultly accessible and 
expensive, attempts were made to employ succinic acid instead extending the side 
W. E. Bac S. K A. 64. 974 4?) 
Walk 1(194 
“J. E. Banfield, W. Dav N. W. Gamb dS.M lleto I Chem. S 4795 (1956) ‘ 


K.. BHATTACHAR 


M. R. VENKITESWAREN 


carbomethoxy-propiony! chioride™ 


iloride gave Xb. 


cyclized and 


Dp ic acid 


Ville was, 
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was treated with dia thane t e XIIb. which with hydrogen c=! Be. 'y 
ion of XI oxvthiophenol gave XIb, which was 
B irliet 
> 
Chort i 
; "WwW. S. J ( | A 69, 2942 (1947) 
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methoxydibenzothiophene-4-yl)-propionic acid (XIII) obtained, though in poor 


vield (24°. ) 


of Ill to XVII b 


cous HNO, (10 ml 


| 


aqu 
separatca 
(6-Methoxy-2-thionaphthen 
chloride (0-1 2), conc HCI (0-1 ml), and water (1-5 ml) was shaken for 
62, 814 (1940) 


17 W. E. Bachmann. Wayne Cole and D. C. Wilds, J. Amer. Chem. Sox 


Compound IV was then converted to 3-cyano-7-methoxy-3-methyl-4-oxo-1 ,2,3,4- 
aa tetrahydrodibenzot shene (I11) as shown in t Chart I. It not necessary to 
isolate 3-cyan met 4-oxo-! .2.3.4-tet drodib othiophene (XVI) formed 
oe, ae during the conversion of XV to III. although the product wa ated for character- 
hy ne n +} ths! 
attempts at S lic l or 
aime SUCK il gel Variety of cond ns re eces nild 
(XVIIL). Asi iri SCISSIOI b by J t if the 
from IV by the Ba nn rout inder way 
EXPERIMENTAI 
wa the 
7) 
(0-61 } t | . f ul 
m.} 03 S—10 
P 
nex { ()? ».4 | ( 4-4 C ( 1-0) 
H, 44 No 4 
4 
40) 
iw 4 NaOH er 
e Vi Z | | 
ethe e VI ess i: C, H, 5-2: S, 11-2 
C,,H,,O,S req es: C. 60-4: H. 50: § 
Ra n of VI f ti i t. A e of VI 
(0-2 g), Raney nickel (2° l< (30 xed for 641 After removal 
of nickel bv filtrat slcohol was removed and th residue (negative sulphur test) heat vith 
c acid, m.p. 185 7 
fie 
ti mercuric 
the supernatant 
- 
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s were added following order: Water (1 ml), 


(O'S @) The n tu was refluxed 


m.p 


(16 2) was converted 


ympound Xa The compound 
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< 
conc HCl (1-75 ml), toluene (1-5 ml) and Vi briskly for 56 hr, 
H¢ } port be ided at 6 hr tervals. The product, a dark yellow oil, was saponified Dy i ee ae 
j j ‘ H¢ extract The ether s ion 
q ’ Ac f k e extract gave VII 
f I calc ted al of 
\ 
| 
F 
‘ 
Vi 
} 
under 1 diluted w vater yielded 
VI (0-9 ed ( ke up. 15 (} ind: CC. 
H. 4-8: 8S, 14:3. C,,H,,O.S! C, 67:2; H, 5-2; 5S, 13°34) 
74 nitronl CT tallized from chiorotot 1 bright red plates, 278 
< 
(Found: N, C,,.H,.O.N,S re N. ) 
Methvi S-chloro-4 “erate (Xb). chloride 
> 
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Xb, (164g yield 93°,), b.p. 90-95° (bath)/2 mm being unstable was used immediately without 


(Found: C, 442; H, 5:5; Cl, 188. C,H,O,Cl requires: C, 43-8; H, 5-5; 


further purification 


Cl, 21 -¢ ) 
methoxythio- 


ny 


j 


1) mi) was xture was 


me 


acetic ac 
was added to le crystalline 
product was filtered The product was dissolved in ether—benzene and the 
solution washed twice aqueous NaOH and then with water. Removal of solvents gave a 
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phenol (12-5 g) in pyridine 
eh see stirred vigorously ! 0 n, then heated on waterbath for 15 min. The product Xib distilled as 
a ye (9-5 g, yield 40”,), b.p. 140—-145° (bath 0-027 mm). (Found: C, 58:1 H, 5-8; S, 12-3 
C,.H,,0,S requires: C, 58-2: H, 60; S, 11-9 
6-M :-thionapht acid Compound XIb, (9-5 g) was cyclized by 
(100 t for | b ef] ng with 
(100 I Vill 1 by extraction 
a 
K Ib) cr 14 (| C, 60 H, 5-6; S, 14-0 
C,.H,.O.S ( H, 3, 13 
Vi Vill cid VIIlb 
} 
( cedies, m.p 160 d 
| XID). 7 ed 
1\ \ ket 
che 14 Acidif 
ed ie! 
4 
H, 6-0; CygH H, 8-9 t. Found: 353 
). For 
23,4 (XIV) \ f 
} T ‘ d drving 
mixtur The xture led d f the ketone IV (1 g) in 
dry | e (30 dded. The flask w bove, stoppered, and ; 
shak f re was treated wate ind the benzene 
layel ed el i then with aque sod xide. The ed eous portions 
; 99°-). Repeated crystal { ; from ethanol gave pale vellow needles, m.p. 128 (Found: C, 
64-6: H. 4-8: S, 12-5. C,,H,.0,S requires: C, 64-6; H, 4-6; S, 12°3%) 
7-Methoxy-9.10-dihvdrodih »thiopheno-(3,4-d) a XV). A mixture of the crude hydroxy- 
j mathviene ketone (XIV) (1:11 ¢, m.p. 112-115°), hydroxylamine hydrochloride (0-7 g) and glacial 
a 


K. BHATTACHARIEE. R. B. Mirra, B. D. and M. R. VENKITESWAREN 


147-149"). Crystallization from 
C, 65:2; H, 4-2; N, 5-2 


vield 


ound 


le XV 
The 


Research 


recorded 
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denZe ISON le (XN t brown plates, m.p. 150 
C,,H,,O,NS re es: C, 65-4: H, 4 N. 5-5%) 
3.4 1.2.3.4 hiopher XVI) Ihe crude isoxaz 
oe NaOH. 7 bined 
ilk ed ru e (XVI 
| ( Hi 4-4 ¢ ( 5-4 H 4-3 N 4 ) 
NaOH). 7 s of the methyl « ketone 
i: C, 665: H, 46; N, 5:3 = 
S 11:8: OM 11-4. C,.H,.O.NS res 64: H, 45 N. §-2: S, 11:8: OMe, 11°4°%%) 
Lil 
M potas 12 t-but 10 ml), diethyl! 
temp 
B. f (0-15 ‘ ed y t-b ‘ 10 
was add ler ed by val f ill 
b | " ] ely n 
tt XVill 62 from et L(t nd: C, 
etc t-Duta gis ve tne sp y ic KCl 
(1th) e XVIII as r product 
ick ne? The I sh to thank the ¢ incil of Scientific and Industrial ZZ, 
Gove! t of Ind researc vrants and Dr. T. S. Gore for the microanalyses al 
n this pap 
in t pape I 
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ric 


chromophore and is not as the isome 
proved by a comparison of U.\ 


ether (XIX), Fig. 1. The 
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ind B. D. TILAK 


Bomb 


ie product XVII is represent 


nd 


decardoxylated produ 


r-0-¢ 


the decarboxylated product XVII the 7-methoxy-1,2,3,4-tetrahydrodibenzofurano 


Peterse! 
Tikotkar and 


959) 


Anton and | 


SUY 


36, 


J. Von Braun, | Mayer, Ber 


Dtsch 


Tilak, Chem 


Chem 
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143, 177 


hompson, 


; m. Soc. 69, 2942 (1947 
& Ind. 1319 (1957); B. D. Til: 


74B, 1772 (1941) 


Ges 


: 
. hemical Technology, University of Hay 
(R ed 31 March 1960) 
hydrodibe s describe Ihe latter c prepared f he k 2,4-diydroxy- 
THe synthesis of dl-B-nor-6-« Xaequiienin (1) e furano analogue of equilenin (11), 
ndert naca nart ti vork on the total cvnt hetero lic cternide | 
was undertaken a e Work le i Synthesis et cyclic steroids 
Amor the oxyvgen-ci taining steroids reportes re certain col irino steroids 
some f which are derive naturally Dy radal and resynthnesis.* 
al B nor-6-OXacqul 1) was Ssvntine ed Si | iro resorcins l. wing the 
Johnson equilenin synthesis. Part « work has been reported earlier* and 
iW the pres paper gives deta and turther wort 
Me xv-4-o0xo-] 4 rahvdrodil uran (II1) was prepared in a 24 per 
cen Vie rom \ O enz ric acia (LV) and in 10 per cent yield 
irom 7 } hnoxyphe Te) wn in Chart |! 
ui Once t cvclopenteno-D-ring was built uy s in XVI the cor pound exhibited 
pronounced stability to air both in alkaline dium and neutral solution Al] ‘ 
i subsequent reactions were, therefore, carried out atmosphere of nitroge! 
The 14,15-dehyd Cl Was as ned by analogy wit Johnson’s 
eguilenin synthesis” and aiso on the basis olf spectral evidence I 5 solated two 
dehydro compounds,’ and 14,15- and 15,16-dehydro structures XX and XXI were 
assigned to the higher and the iower meiting Compounds respectively on the Dasis 
of spectral evidence 
In the present work only one isomer (XVII) was isolated on elimination of the 
BOM IS In conjugation with the benzoturan 
mx /-unsaturated ketone (XVIII). This was 
* Part Ill: Tetrahedron 10, 215 (1960) 
‘RR. B. Mitr nd B. D. Tilak, J. S / Re 14B, 132 (1955); 15B, 497, 573 (1956) 
; Ne. Ph. Buu-Hoi and D. Lavit, J. O Che 21, 1022 (1956); W. W. Westerfeld, J. B Chem. /7Z=/7/”/ 
(1942): R. P. Jacobsen. H. Levy and R. Daniels, J. B Chem. 171, 61, 71, 81 (1947); L. M. 
( H. Yates aA imer. Chem. Soc. 76, | 
‘G. V. Bhide, N. I B.D. , J. Indian Chem. 
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Hf) OF OH Mec H : 
Ve OOH 
MeC Me oH 
. ynthesized the ‘ wir route 
y 5 y ed 
Me Mew Me 
chro! n | Cl atl er wave- 
2 dou XVII is ‘ 
XVII. Itt p ilternative struc e XVIII specti would 
be s t XXII and XLX since the pi n axima due to the un- 
ral ket ct XVITE we e expected t the unexal d region 
of rier wave Alt XVIII : t lated, its presence in the 
mother liquors left after separation of XVII cannot be ruied out 
‘A. E.G r. F. W $86 (1942 R. B. Woodward, J. Amer. Che 64, 7% 
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aS ind XIX are similar and tl how a maximum at 292 mu characteristic of the benzo- 
i furan Figs nd 3 
= The era ne Ill 3D strogel ind cCar- 
B ( ‘ ‘ [he plica 
resoiuli of the comy Could De undertake Lo m rial 
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| 
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(X). Resore 


orange 
ip iqueous sodium 


t-Butanol was noved (reduced press) and resi th cted | 
hydroxide (2 and wate! The pr duct, I illizatio or ina vave XVI (0 as pale 
70-6: H. 59 ) 


violet prisms, m.p 13 (Found: C, 70-9 


228 
Ethyl 6(m-methoxypner mono-methy ether (1:24 2) was 
and water, The product was distilled, unreacted IX was removed 
at 100-120 x cted 155-160 0-0 rless liquid eld O2¢ 
(Found: 646; H 0. C, 64-2: H 2 
XI) As XK (0-2 g) in dry be (20 cc) 
with 15 ce por | I ¢ acid tthe 
aque d b Re Xl 1 at 
req C, 68 H 
VIII). Finely ib ctahvdrate 4 
refluxed After re ed Hi 
and | cthe t Aci ve Vill 1 
} 3.4 XH \ f dry 
sod 0-0 11 (0-2 
\ XH (0-2 2) 
N. 62. C,,H,,O,N 69 H, 4 
1,2,3,4 X\ I 
p 0 XU the re ref > hr 
XIV. 7 hy 
ad 19 
unreactc XIN Re e XV ‘ que 
white needik 12 I « 70 H. 5-2: N, 5-4; OMe, I 2 C,.H,,.O,N res 
C, 70 H 5-1: N. 5-5: OMe, 12:2") 
yar j > 3.4 fuvan (XIN The ext (A) from 
the above experim« Bed 1 (0-1 which crys of 
aque 5 XIN paic Ve ecdk 221-222 I md: ¢ 70-2: H. 4 N 60 
C,,H,,0,N requires: C, 69-6; H, 49 N, 6°2°,) 
15-Carbet! 14,15-d B-nor-6-0xa » methyl ether (XVI). To a solution of potassium 
4 (0-341 in t-butan diet! te (29 ¢ d XV (1 @) were added. The mixture was meenani 
cally shaken at room temp for 7 hr in nitrogen atmospners The reddish solut conta iw an 


Synthesis of heterocyclic steroids—IV 229 


To a solution of XVI (0-72 g) in ethanol 


harium hvdroxide octahydrate (0-735 g) was added and the mixture refluxed 


14.15-Dehydro-B-nor-6-oxaeguilenin methyl « ther (XVID) 


nd water (10 cc) 
f nitrogen and the residue 


dried (crude yield 0-7 g) and then 


removed under a current 


sphere, ¢ HCl (11-2 cc) was added in 3 lots 
refluxed for 30 min under 


washed successively with 
5_175°/0-02-0-04 mm eiving a pale 
Jour. On crystallization 

(0-3 @) were obtained 

spectrum 


308, 320 mu 


bsorption maxima 


ydrovgen 


ved and 


for 2) 1 
decomposed by treatment with HCI The acid was 
at on ntervals with evolution of carbon dioxide 
nitroget t 140-150 patn) nd extracted with ether and 
ae dil H« gueous NaOH d water The product distilled at ! : 
yellow IK gd whit dification and keeping developed a | 
if cetate let rogen, pale \ et needk f X\ 
d: C. 75-6: H. 5-6. C,-H,O, requires: C, 761; H, 5 
of XVII (ethanol) revealed the following principal /,,,, 292, 
(log 1-262, 4-423, 5-45¢ 
B } (XIX). mpound XVII (0-268 2) was idded to a suspension 
of yst (0-08 in ethyl acetate (25 cc) previous iturated with hydrogen. 
3 Hyd ‘ i t room temp d atm press. The required santity of 
(for ble b bsorbed in 10 hr. The xture was filtered, ethy etate remc 
the 1 d 15-150 /0-015 mm yield colourless viscous semisolid (0-24 g). The 
prod ifrom b white needles m.p. 78°, yield 0-170 g. (I d: C, 75-3: H, 67 
( H 7°”). The bsorption spectrum of XIX (ethanol) revealed 
the » maxima 5? 202) (log 3.784 3-564) 
‘e B | The methy her XIX (0-27 g) was dis ed rlacial acetic acid 
(23 lrol 2 sp. gr. 1-4) was added and the solut refluxed for 6 hr in nitrogen 
Ris e R ‘ ed for 211 fter add f HBr ( ts of 2¢ t intervals 
(3 Th ble product the ether extract gave 
; ; XIX (0-12 g). The alk ¢ tract was acidified i the product redissolved 
- a 1 acid free 1 cry ed from b ene, jing I as pale brown 
190 | ta | 1 0-06 @ it ind ( 75-4 H. 60 ( 
750: H The vield of | was 58°, based he recover nreacted XIX 
| bsor] NCC f (etha evealed the following 
pring 50 1-146. 3-929) 
V/ 4 ra ted zinc prepared by shaking 
for ride (0-3 g) ter (10 cx 1 HCI (1-2 cc). The 
sul " Hi (0-2 lint ene (20 cc) added with conc HCl 
(3 th f id f 3c c He ntervals - 
ib 28-132°/1-5 mm 
XXII as 0-0 32 | H. 6-9. C,,H,,O, requires 
( H I U.\ bsor pect! XXII ) reveal he following 
pring hearntion max ; 58 2907 n 4.138. 3-799) 
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SYNTHESIS OF HETEROCYCLIC STEROIDS—V* 
ATTEMPTED SYNTHESIS OF B-NOR-6-AZA-6-METHYLEQUILENIN 


V. Buipe, N TiKOTKAR and B. D. TILAK 
Department of Chemical Technology, | versity of Bombay 
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epared by degradation of rings 


yn 177 a \7a D-homo- 
ketosteroids 
cholesterol 
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e nitro- 


whicl 

7-Met 
the prop 
mixture 
hydrocarbazo 
only (A) coul 
be represented ; met! y-9-methy! co-1,2.3 trahydrocarbazole (II1) and the 
corresponding 5-methoxy isome! I ectively. Compound (A), on methylation, 
gives ¢ he latter on olff—Kishner—Huang-Muinlon reduction g E which on 
dehydrogenation wit iloranil’ yields | Compound as the same m.p. as 2- 
methoxy-9- methylcarbazole® (LX) and the two are identical NSE tly mpound 


A. C, D and E are assigned structures V, IIl, VII, and VIII respectively 


In an at t 1 nvert Ill to B-nor-6-aza-6-methylequilenin (1) according to 


Johnson ef a IV was converted t .10-dih meth 4-methylcarbazolo- 
(2. 1-d)-isoxazole (XI) through the intermediate 2- nethylen ‘rivative (X) 


in the usual mannet ve isoxazole (XI) was then 
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, Es nsuccessful attempts have been made to synthesize the pyrro nalogues of equilenin and 
Esoxvequile Ihe synthes of several carbazole det es reg ed this connexion 1s i yy 
described 
4-Aza' and 16-aza* analogues of steroids have becn pr 
4 and D in natural steroids and subsequent lactam format aha 
steroids® have been prepared by Beckmann rearrangeme! 
Pyridazenone analogues* have been synthesized by degradatio 
ana suosequent treat vit VUTAZING Wwhnerea pyrik 
synthesized trom Keto steroids Dy treatment wilh pyridy thium and hence 
gen al does not fort part of the steroidal skelet : 
Although | and II could not be synthesized. several new carbazole derivatives 
Somerized in alkaline medium to 
: °P Tetrahedr 10, 223 (196 
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carbazole (XIII), instead of the desired 2-cyano-2,9-d methoxy-1-oxo-1,2,3, 


4-tetrahydrocarbazole (XIV) erroneous! ported a methyl derivative 


(XIV). but the methoxyl value and the um (strong id at 2222 cm“ 


(4-5) indicating presence of a nitrile group in conjugation wit suble bond) 
leaves no doubt, that the structure of XIII is an O-methy! ethe 9 . All attempts 
to effect C-methylation of the intermediate cyano-ketone (XII) were unsuccessful. 
The failure of the isoxazole (XI) to give the C-methyl-cyanoketone (XIV) is 
associated with the strong enolizability imparted to the ketonic function of the inter- 


mediate cyanoketone (XII) by the electron-donating N-methyl and 7-methoxy groups. 


1° G. V. Bhide, N. R. Pai, N. L. Tikotkar ar . Tilak, Tetrahedron 4, 420 (1958) 
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It is interesting to record here that in the case of 1-oxo-9-methyl-1,2,3,4-tetrahydro- 
carbazole (XV), Stobbe reaction was successful (see later), although here the major 
product of methylation of isoxazole was the O-methylated derivative. It, therefore, 
appears that the I-oxo function in these compounds possess pronounced enolic 
acuvily 

npts were made to isomerize the O-methyl! derivative (XII1) to the C-methy! 
ve (XIV 


) but with 
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nd XVIII, on the other 
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keto-nitrile (XVII) was then subjected to Stobbe condensation with 


under various experimental conditions wherein the relevant factors 
nount of condensing agent (potassium-butoxide), the time and tempera- 


ve reaction were altered. However, the Stobbe reaction failed XVII being 
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derivative, 2-cyano-l-methoxy-3,4-dihydrocarbazole (XXIV) instead of the desired 
The isoxazole (XXIII) 


2-cyano-2-methyl-1-oxo-1,2,3,4-tetrahydrocarbazole (XXV) 
was then isomerized to 2-cyano-1-oxo-1.2.3,4-tetrahydrocarbazole (XX V1) and treated 


with excess of methyl iodide yielding exclusively 2-cyano-l-methoxy-9-methyl-3,4- 


dihydrocarbazole (XVIII) obtained earlier 


H) was, therefore, also unsuccessful due to the enolizability 


This synthesis of 
of the ketonic function in compound XXVI 
EXPERIMENTAI 
(lV) 
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(25 @) nm water (/5 CC) was added to a vd xvymetl 2-65 
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STEROIDAL SAPOGENINS—LXII 


12-METHYL HEMIKETALS DERIVED FROM 
|2-KETO-16-DEHYDROPREGNENES' 
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procedure 


sapogenin acetic anhydride containin 


cent acetic acid: on the latte th chromium trioxide 1n acetic ac! 


temperatures using hloroethane as co-solvent to give 16p-acyloxy- 
steroids: and acetic acl leavage tne . ibstituent” to g 

and IV. Each step in this sequence could be interrupted to vield the crystall 
mediate. The crude enones III and IV obtained in non-tsolation sequences 


purified by chromatography on florisil. On crystallization from methanol th 


ic 


Previous pap nm this se tcroidal Sapogenins—-LXI 
Eastern | i irch and clopment Divis 
Departme gricultt 

4. F. B. Cameron, vi Hunt, P. G 
2807 (1955) 


*M. E. Wall and S. Serota, J ” 79, 6481 (1957) 


or 


Jones ar 


38 


‘ Tetrahedron, 1960, Vol. 10, pp. 238 to 243. Pergamon Press Lid. Printed in NO a 
M. E. SeROTA 
| ster Ré Research Laboratory Ph ipnia Pennsylvania 
R rary 1960 sed forms A 
d e-12,20- Me en yield talline 
he ke ; y-12 Sx, 16-pre 20-one nd etoxy-12 
1 } lescribed in th ‘xperimental ol 
EVERAI eal igo, Camero a described the experimenta ec 

their pape mp d which they thou might be a 12-hemiketal derived = } 
0-dione. They were unable to repeat their prepara tam. 

Duri e course 0 dec n degradation of hecogenin(1) and gentrogeni al 
to yield 3 cetoxy-5,16-pregnene dione(II1) and 3p-acetoxy-5, 16-pregnadiene- 
12 0-dio iV) respect \ peel it COTISISU | he 
correspondi mik 4 
20-one(V) and 3/-acetoxy-! ydroxy-! methoxy-5,16-pregnadiene-20-one( V1) 
Ihe hemike s V and VI have interesting spectral properties In this pape vish 
in detail the preparation, structure proof and the ultraviolet and infrared 
1 spectra of \ 1 VI 
| dat on of the 12-ketonk sapoeenins l and il was carried out by an improved 
whict es maxima vields of 16-dehyaro -U-pregnenes ae ex pe>©ri- 
The three step sidechain degradation sequence was ordinarily carried out 
eile} 1 if } it 
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m1 quences (cj Experimental section) I he sidechain degradation 
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enones IIIf and IV were obtained. Usually several crystalline crops were obtained 
rapidly. The residual syrupy mother liquors on long standing in the refrigerator 
slowly deposited further crystalline material. These latter crops contained largely the 
hemiketals V and VI mixed with the enones III and IV. The hemiketals were easily 
purified by crystallization. 


Structure prool 
for V, that of VI follow 
values were In agi 
hemiketal V exhibit 
sponding enone, III. Since 12-keto groups make a strong positive contribution to the 


total molecular rotation,” the large negative s IS consisten vith the disappearance 


of the 12-ketone moiety. Similarly the analysis of the ultra let spectrum of the 


hemiketal leads to the same conclusion. Thus steroids with the 6.90-oxo grouping 
and no substituent at C,, generally show a maximum at 239-242 mu.° The presence 


of a 12-ketone brings about an hypsochromic shift to 22 229 mu’‘:* which has been 


D. H. R. Barton and 
* L. Dorfman, Chem. R 53.4 1953) 

G. P. Mueller, R. E. Stobaugh and R. S. Winniford, . me m. Soc. 75, 4888 (1953). 
* M. E. Wall, H. E. Kenney and E. S. Rothman, J. Amer. Chem c. 77, 5665 (1955) 
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ascribed to the increased energy of excitation in going from the ground state to a state 


wherein the dipoles of both excited carbon-oxygen systems are opposed 7 The 


hemiketal V exhibits an ultraviolet maximum at 242 mu again indicating absence of 
The infrared 


the 12-ketone and presence of the conjugated A'®-20-ketone moiety 
spectrum of the hemiketal V provided excellent proof of both the overall structure 


and the stereochemistry at C, 4 verv intense band was observed in carbon bisulfide 


solution at 3340cm~!. Successive dilutions did not change the position ol the 
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itramolecular bonded hydrox roup. The degree of hydrogen bo 
gue. | mp d V has a sorption band at 334 
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attack by methanol on the C,, carbonyl moieties of the enones III or IV should lead 
to the stereochemistry shown for the products V and VI, i.e. 12%-methoxy-12/- 
hydroxy. Molecular models of the hemiketals V and VI indicate that strong hydrogen 
bonding should occur between the 12/-hydroxyl and the 20-ketone moieties. The 
infrared spectra of \V and VI indicate that these compounds exist largely in the 
hydrogen bonded state. The strong hydrogen bonding may account for the stabiliza- 


tion of the hemiketals, allowing their isolation under appropriate conditions. 

The hemiketals V and VI were obtained consistently as by-products from 100 g 
sapogenin sidechain degradation runs, usually yielding 1-0 20g of crystalline 
hemiketal. The enones III and IV were obtained in 50 70 per cent yield. The syrupy 
mother liquors which vield the hemiketals enable one to obtain a much higher 
concentration of the enones III and IV in methanol at refrigerator temperatures than 
lhis suggested the possibility that the hemiketal 


could be made from a pure enone and methanol in concentrated solution by use of an 


ne chloride, a 10 per 


iS possible with the pure enones 


appropriate co-solvent."” With use of small quantities of methyle 
solution of III in methanol remained in solution at 5°. After 8 days, infrared 


analysis of a sample indicated that a mixture consisting of 40 per cent [11 and 60 per 


cent 


cent V had been formed. Another san > taken al days gave the same results. 


Hence. under experimental conditions which prevent removal oO! the hemiketal by 


ervstallization, the reaction of the enone 111. with methanol results in an equilibrium 


mixture of II] and V in a2: 3 ratio. The mixture could be separated by fractional 


crystallization interes ote that methanol | itine ised as the crystal- 
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| The product was therefore judged to be 
ne-12,20-dione 


ybtained by the addition of 


nder acidic conditions V — Ill 
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In the EEE above for the conversion of | to Ill, 100 of 
gave p. 172-173° the infrared spect Im wil to tha an 
1?8-hydroxy-12 nethoxy-5.16-preenadiene-20-one (V1) 
: The mother liquors r ung from the etha recrystallizat f lV were coi” 
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sin ill portant | 1s to that of hemik V. The infrared spectr Vl is best d guished 1 
from V by exa the ¢ H stre n, VI sli Ider between 
vher \ ws only 3 b reg (f na ¢ 71°23 H, 8-50: OCH 
8-15; C.,H,,O, re es: C, 71-61; H, 8-51, OCH 
: : H. A. Walens, S. Serota and M. E. W I. Ore. Chem, 22, 182 (1957 
| 


BOOK REVIEW 


Organic Syntheses \ 


ae 44. Perea Press I P ‘ n Northe Ireland 
= 
Max a Chicl); 01. 39. J New York; Chapman & 
, v 
Hi l 
en cefully. The 
| 
N KC Sal n 
\ 
ce th de 
— 
Perer YATES 
3 
: 
244 


